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ABSTRACT 

The report begins with a statement from the National 
Science Foundation (NSF) director, followed by a series of research 
notes summarizing research findings and results during the year 1989. 
Chapter 1, "Research Collaborations," describes some examples of the 
collaborations between universities, industry, and government in 
astronomy, atmospheric sciences, materials research, engineering, and 
supercomputing. Chapter 2 outlines NSF-supported projects in 
geosciences and global change, such as the world Ocean Circulation 
Experiment, the Tropical Ocean/Global Atmosphere project, and several 
projects in atmospheric science and polar research. Chapter 3 focuses 
on education and outreach programs, including Project 2061, named for 
the year Halley's comet will return and designed to develop a new 
approach to teaching; urban education projects; university-level 
activities; and NSF's Experimental Program To stimulate Competitive 
Research. A section on award winners of 1989 and NSF news follows, 
and a list of NSF staff and National Science Board Members and a 
patents and financial table for 1989 are provided in the appendices. 
The report is amply illustrated with both black and white and color 
photographs and other graphics. (YP) 
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About the National Science Foundation 



T 

X lu" NalioMal Scic'iuv I'oiindaiion is an iiuk'|XMul- 
unl leck-ml agency c ivalecl hy ihe Niilional Sc ience 
I'ounclalion Ael of 19S()(p.L. «l-5()7). Its aim is lo 
promote and acKanee seienlifie progress in the 
Tnilecl States. The kk-a of suc h a IcuncLilion was an 
outgrowth oflhe inipoilant eontrihiilions made hy 
seienee and tec hnology' during World War II. IVom 
those first days. NSI' has had a unic|ue place in the 
federal government: it is respoasihle forilieowrall 
health of science ;incl engineering across all disci- 
plines. In contrast, other fecleraj agencies suppoH 
research focused on specific missions, such as health 
or defense. The Foundation is also committed to 
expanding the nation s supply of scientists, engi- 
neers, and science educators. 

NSP' funds research ind education in science 
and engineering. It does this through grants and 
contracts to more than 2()()() colleges, universities, 
and other research institutions in all paits of the 
I niled Slaters. The foundation accounts for ahout 2^ 
percvni of fedenil support to academic institutions 
lor hasic research. 

NSI- recvives more than P.iM) projiosals each 
year for research, graduate and postdoctoral fellow- 
ships, and math science engineering education 
projects: il makes more than r.noi) awards. These 
typically go to universities, colleges, academic 
consortia, nonprofii institutions, and small Inisi- 
nesses. The agency operates no lahonitories itself 
hut does suppon National Research Centers, ceHain 
oceanographic \essels. and antarctic research 
stations. *I1ie f oundation also suppoHs cooperative 
research helween uni\ersitic\s and inclustiA and \ \S. 
l-^anicipalioii in international seienlifie efloits. 

The l oundalion is run In a [^rcsidentially ap 
pointed Director and Hoard of 2 » sc ienlisls and engi- 
ncvrs, including top unix ersity and indusiiy offit ials. 

NSf- is structured much like a uniwrsiiy. with 
grant-making cli\ isioris for the various dicii-jlines and 
fields of scienc c* and engineering. The foundation > 



staff is helped hy ailvisors, primarily from ihe 
scientific community, who seive on foniial commit- 
tcvs or as ad hoc re\ iewers . )f proposals. This 
advisoiy system, which foru.ses on both program 
direction and specific pn )po.sals, involves UK^re than 
S9,()()() scientists and engineers a year NSF staff 
memhers who are expeits in a cenain field or area 
make award decisions; applicants gel unsigned 
copies of peer revic»\\s. 

Awardees are wholly responsible for doing their 
research and pivparing the results for publicalk)n. 
Thus tlie Foundation does not a.ssume responsibility 
for suc h findings or their interpretatu)n. 



NSF welcomes proposals on behalf of all 
(|ualifiecl scientists and engineers and strongly 
encourages women, minorities, and persons with 
disabilities to compete fully in its programs. 

In accordance with fedenil statutes and regula- 
tions an< I NSF policies, no person on grounds of 
race, color age, sex, national origin, or disability 
shall be exc luded from panicipation in.<lenied the 
benefits of. or be subject to discrimination under any 
program or acti\ ity rcrei\ ing financial assistance 
from the National Science Foundation. 

I'acililation Awards for I landicapped Scienlisls 
and laigineers (FAN) prov kle funding for special 
assistance or ec|uipment to enable persons w ith 
disabilities (iin cvstigators and other stafT. including 
student research assistants) to work on an NSf 
projec t. See the FAI I announcement or contact the 
FAI I Coordinator at (202) .iS"*-*" iS(>. 

The Nali(^nal Science Foundation has T|)|) 
( Felephonk l)e\ icc" for the Deaf) capabilily. w hich 
enables indi\ iduals with hearing impairment to 
communicate with the Di\ ir ion of Personnel and 
Management about NSF progmms. emfiloymenl, or 
general information This number is (202) .*iS"-"'j92. 
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I liavf the honor to tr.insiiiit herewith tlie 
Annual Report for Fiscal Year 1989 of the 
National Science Foundation, for sulimis- 
sion to the Congress as required by the 
National Science Foundation Act of 19S(). 
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Into Our 40th Year 

this decade ends, the National Science 
Foundation will begin ils 40th year of existence. 
Alth(jugh still a relativ^ely young federal agency, we 
are much different from the small foundation 
launched in the post- World War 11 era. Our first 
budget, in 1951, was $151,uOO; for Fiscal Year 1990, 
the appropriation passed $2 billion for the first 
time. In 1952 we awai Jed 28 research grants; now 
we receive more than 37,500 proposals annually 
and make more than 16,000 awards a year. 

Our nation's place in the world and in science, 
engineering, and technology also has changed 
greatly. Forty years ago, the United States was 
secure in its technological lead and the competitive 
power of its industries. Today more and more of 
our industries find it difficult to compete in the 
world market We face not only tough economic 
competition, but also technological and scientific 
competition. Indeed, some obser\'ers assert that 
we are in a new Sputnik era, a time when the 
United States must again keep pace with the 
achievements of other nations in science, technol- 
ogy and education. 

Because (^f this new environment, we stress the 
need for cooperation in the science and technology 
community: across science and engineering 
disciplines, between large and small projects, 
across international boundaries, between groups 
and individuals, among federal agencies, and 
among universities, industiy, and government. This 
repoit describes some of those collaborations; they 
take place through .such NSF programs as Engineer- 
ing Research Centers, Materials Research Groups, 
Supercomputer Centers, and Long-Term Ecological 
['.search sites. This philo.sophy is also embedded 
in the Presidential Young Investigator program and 
in many individual investigator grants, which are 
and will remain the mainstay of NSF's activiiies. 




5 



Wc also sircsN science and engineering ecluca- 
lion — not a new theme, to be Mue, hut once again 
a critical one. That's why we have made it one of 
two "Special Focus" sections in this annual report, 
along with another current important topic. Geo- 
sciences/Global Change, 

At NSF» we think that one of the best ways to 
boost education is to foster new talent in science 
and technology, and especially to tap underused 
human resources such as minority groups, women, 
and disabled persons. Focusing on those groups is 
not only a question of ec|uity, but a step to satisfy a 
nation need: As we face a smaller supply of 
college-age youth, the pending retirement of older 
scientists and engineers, and the return home of 
many U.S. -educated foreign students — all this at a 
time when we are more reliant on technology and 
need technically trained people more than ever — 
we need to mobilize ^/// of our human resources. 

We must also improve the level of understanding 
of the larger public about science and technology, 
so that all our citizens can be better informed in this 
technology-dominated age. From the National 
vScience Board's biennial report. Scieuce ami Fjifii- 
iieewifi lmhcato}\ v\ e know that public support 
for .science is high, even when science literacy is 
not. We also know from cither sources that people 
are going to museums in growing numbers and 
watching television programs that convey the ex- 
citement of science, engineering, and mathematics. 
NSF is proud to be a supporter of museums and 
media efforts, as described in the later chapter on 
education and outreach. 

And who could fail to be 'iii pressed by achieve- 
ments like the ones described in this report: ocean- 
bottom and celestial discoveries, work with super- 
conducting materials. ad\ ances in mathematics, 
robotics, supercomputers, and many others. How 
these disccneries will affect oiu* lives is hard to fath- 
om. Just as the now-common medical diagnostic 
technique of magnetic resonance imaging sprang 
from early work in physics, many of today's dis- 
coveries will find unloreseen applications. 



As we move into the 1990\s then, our aims are 
clear: 

• To pursue vigorously the goal NSF has had since 
its founding in 19S(): promoting the overall 
health of science. This means supporting the 
veiy best research in every field, the best meth- 
ods of research, and the needed infrastructure, 
such as facilities and equipment. 

• To continue our support for, and emphasis on. 
better .science, engineering, and mathematics 

ducation in ,schools and colleges^ and to 
develop this countiy's human talent base fully. 

• To foster cf)operation and partnerships in 
research and education. This includes cro.ss- 
disciplinaiy. international, interagency, and other 
joint research efforts between the academic, gov- 
ernment, and private sectors of our society. It 
also includes sharing the use — and po.ssibly the 
funding — of the sophisticated, expensive equip- 
ment and instrumentation needed for modern 
research. 

• To achieve a higher level of public literacy and 
public awareness about science and technology 
through media and outreach activities such as 
National Science and Technology Week ari* 1 by 
.sponsoring television presentations like "The 
Mind.'- 

Our budget strategy and long-range plans refiect 
these aims. They are supported by the new Admini- 
stration in Us commitment to doubling the NSF 
budget by 1993- Hut these issues can only be 
addres.sed if our other partners — the academic 
community, indusin* and business, state and local 
government, nonprofit organizations, and other 
federal agencies — play their part in this important 
endeavor. 

If we successfully marshal! our resources and 
talent, the 1990 s will be an age of unprecedented 
excitement and achievement, not only for science 
and technology but for the countiy s competitix e- 
ness as well. At NSF. we're ready for both the hard 
work and rewards that the new decade promises. 
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RESEARCH NOTES 

Genetic Chip 

T 

Xn the work! ot genetics, a single mutation can 
ha\'c tar-reaching consequences: A chance altera- 
tion may change eye color in a fly or can lead to a 
genetic disease such as sickle-cell anemia in human 
beings. To advance our understanding of biol- 
ogy — including how living systems work and why 
failures such as genetic disease occur — scientists 
aim to identify the unique sequence of chemicals 
called nucleotides that make up each DNA sirand 



IJnravelUng the genetic code. 
CalTech*s Leroy Hood is shown 
with the prototype of a DNA se- 
quencer, a Machine that reads 
the sequence of repeating units 
in the genetic matetial of cells. 
Hood's team has developed a 
computer chip and software 
that greatly speed interpreta- 
tion cf such sequences* 
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on every chromosome. The entire geiu^lic se- 
c|uence, or genome, for humans is a claiinlin^ 3 
hillion nudcolkles. Bui M<^lling the complete DNA 
sequence is less than half the elTort; tIecipherinH its 
meaning and function is far more difficult. Thanks 
to a new computer chip and spec ial software 
^aibred at an NSF research centtM* for molecular 
bk)logy and hiotechn )logy. that mammoth analyti- 
cal lask has become easier to tackle. 

The chip enabk\s scientists to detect similarities 
and patterns in the burgeoning data on genetic se- 
quences hundreds of limes faster than had bcvn 
possible with the most advanced supercomputers. 
Until recently, state-of>ihe-ai1 computers typically 
required an entire day to compare rigorously the 
nucleotide pattern of - typical lO.OOO-unit gene 
with the millkms of nucleotide units stored in 
existing databases, according to UroyHoocL He is 
director of NSF s Science and Technolog)' Research 
Center at the California Institute of Technology.' 
But th<* new de\'ice. adapted at the center from a 
chip designed for pattern scanning by TRW. Inc.. 
cuts analyzing time to 10 minutes. 

The chip's power lies in an a.ssenibly-line 
approach to hamlling the large amounts of genetic 
data. Instead of waiting for separate operaMons to 
be performed one-by-one on the DNA set|uences. 
it performs se\'eral analytical operations simulta- 
neously at different points in the stream of data. 

Hood's team, headed by computer scientist 
7/;;/ Hinikapillen has written software for the chip 
to identify similarities anv.1 patterns among DNA 
,sequences in the database. Identification of such 
patterns can lead to the recognition of nucleo- 
tide sequences that gowrn life processcvs at a 
genetic level, permitting insight into how cells 
grow, divide, and become specialized. In turn, this 
information will contribute to our understanding of 
biological events ranging from photosynthesis to 
brain function. Sec|uence information also has 
important medic al applications, since mutations in 
.se(|uences may trigger disease*. 

Scienti.sts believe the chip software in\ ention. 
in prototype form at this writing, will ixrome 
critical for analyzing DNA data as the* number of 



se(|uenced nucleotides. nov\- totalling M) million, 
increases .se\ eral hundredfold o\ er the next few 
dcrades. Listing each nucleotide .scxjuence in the 
human genome. e\'en though represented by a 
single letter, would fill up millions of pages of 
paper. A commercial \ ersion of the prototype chip, 
estimated to be available by the early 1990's. 
should enable molecular biologists to perform at 
their small computer work stations the kind of 
complex analysis of DNA data once limited to 
supercomputers. 

Atomic Fountain Created; 
Decay of Z Particle 

R lying on pulses of laser light to push a 
stream of atomr up and the force of gravity tc^ 
bring them back down, physicist Steveu Chu and 
his colleagues at Stanford University have created 




Atom manipulaHofU In physicist Steven Chti*s lab, 
this vacuum can is used to laser cool and trap 
sodium atoms, which are then launched upwards 
to create an "atomic fountaitu " 
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The stuff of matter* In this computer image, 
research^ s- at the Stattford Linear Accelerator 
capture a Z particle (center) decaying into eight 
subatomic particles that fan out along the red 
lines. (The view is looking through a ban-el- 
shaped detector N indicates particles leaving 
the north end; S indicates particles leaving the 
south end of the detector) 



an atomic fbuniain. The Ibiiniain enables scieniisi.s 
lo measure for more than a quarter of a second 
the energy levels of excited atoms as they return 
to lower energy states. According to the laws of 
quantum mechanics, such long-term measurements 
yield extremely j*)recise detenninations of the fre- 
quency difference between atomic energy levels — 
data which form the basis for establishing a newer, 
more accurate atomic clock for time standards. 

To create the fountain, the Stanford team used 
a laser to skw down a stream of sodium atoms. 
They then confined the atoms in a trap formed by 
laser beams and magnetic fields. After cooling the 
atoms, the researchers turned off the trap and 
launched the atoms upwards with a single laser 
pulse. The atoms, momentarily excited to a higher 
energy level by the laser pulse, make a transition to 
a lower energy level as they fall back down. In a 
later version of the experiment, the scientists were 
able to keep the trap going continuously, con- 
stantly collecting new atoms for the fountain and 
increasing by a thousand the number of measure- 
ments possible in a given time period. Chu believes 
his fountain has the potential to create an atomic 
clock several times as accurate as the standard 
atomic time keeper. 



In other physics research, \SF-funded teams at 
Stanford University's Linear Collider (a Department 
of Knergy facility) and the Large I-lectron-Positron 
Collider in Geneva. Switzerland, helped confinn 
that only three families of elementaiy pa'Mcles 
exist. They did so in making precise measurements 
of the decay of Z particles — massive elementary 
particles created when electrons collide at higli 
energies witbi positrons, their antimatter counter- 
part. The short-lived / is one of three messenger 
particles that carry from one subatomic panicle to 
another the weak force, which governs certain 
types of radioactive decay. 

The results of this research help confirm the 
so-called standard model of elementaiy particles, 
which assumes that mailer C(^nsists of two types of 
particles — cfuarks and leptons, A third group. calle(' 
bosons, acts as messengers to earn the forces of 
nature between panicles in the other two groups. 
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Con^ell University , 




Protogalaxy. Astronomers 
Martha Haynes and Riccardo 
GiovanelH examine data from 
a hydrogen cloud that may be 
a galaxy fonuhtg, We cloud is 
65 million light years away. 



Possible Unborn Galaxy; 
Giant Solar Flare 



.^slrononuM's hclicvc ihcy hiw c louncl tor \Uv 
first lime a galaxy still in lis hirMi lliroos. sonic* H) 
hillion years aflcM* galaxies such as our Milky Way 
were helievecl lo he horn. A rare new "prologal- 
axy," or unhorn galaxy, was sighted hy radio 
astronomers Martha l\ //^nv/e.sof Cornell I 'niver- 
sity and Ritxa}xlo (Horauclli. who heads the radio 
astronomy group at the NSI'-supporlecl radio tele- 
scope in Arec iho, Puerto Rico. The discoveiy is 
doubly exciting, noted llaynes. because the 
protogalaxy-made of Mycin ^gen gas that has not yet 
conciensed tc) lorni stars or pl;mets--is a relaliveK 
close 6S million light years away, making continu- 
ing observations Irom earth relatively easy. 

l or years astionomers had searched unsuc- 
cessfully for such unborn galaxies, and llaynes had 
Ixvn looking since her I9"() doctoral dissertation. 
Hut 13 yc*ars later, she and Ciiovanelli made their 
discover)* of a hydrogen c loud by acc iclenl. rhe\ 
had focused the l.OOO-lool dish ol the Arec ibn 
telescope at a presumably empty regi.)n of sky in 
order to calibrate the instrument. Instead, the 
astronomers unexpeclc'dly deic'ded radio emis 
sionsthat signalled the presenc e* of two huge 



clumps of hydrogen inside a large. isolatc*d gas 
cloud. 

A lew other gas clouds had bcvn discovered 
hefore the Arecibo finding, but all were closely 
associatc»cl w ith existing galaxies. "This cloud scvms 
to have fomiecl independently, in a pocket of space 
isolated from other galaxies." said Ciio\ anelli. 

Although the* cloud, a slowly rotating disc of 
hydrogen localecl south of the \'irgo (lluster. is 
about 10 times the si/e of the Milky Way, it appears 
to contain few stars and has far less mass than our 
own galaxy, because it has not yet conciensed and 
collapsed to form a large number of stars, the cloud 
may c hallenge our theories ol galaxy formation. 



Astronomers knew immediately that the giant 
solar Hare erupting on .March 0. I9S9. was the 
largest in a decade. Hut obsciA ations owr the 
following weeks showc*cl that the Hate heralded 
e\en greater things to come-the appearance of 
iccorcl-breaking activity on (he solar disk Tele- 
scopes at Sacramento Peak. New .Mexico (part ol 
the National Solar Obseivatoiy . supported by \si') 
conU ibuted to the observ ations ol brilliant Hares, 
shadow y sunspois. and showers of ( hargecl 
pcUii( k*s bursting Irom (he* sun. 

both sunsp( )ts and llcUcs result In )m ihr 



ERIC 



1. 



10 



Sun activity. 
A giant solar 
JIare erupts 
from the sun. 



clisioiiions and siivtc hing of huj^c hands of mag- 
nctif fickls within the sun. Magnetic distortions on 
the sun are eoinmonplace, and most of the time 
they do not cause an electrical storm. Hut occasion- 
ally the distortions become too intense and the 
magnetic fields snap like rubber bands, releasing 
vast amounts of energy that concentrate into a solar 
flare. Sunspots occur when the same distortions 
cause the magnetic bands, usually contained inside 
the sua to break through the surface, leaving on 
the solar circumference telltale dark spots 100 times 
the wklth of eaith. 

Su-h activity is of intense interest to solar 
researchers on several counts. Ordinarily invisible 
magnetic field lines may becoine spotlighted by tlie 
hot plasma of a solar flare, and the blasts of X-rays 
and showers of electrically charged paiticles that 
strike the earth give a new keyhole for peering into 
the sun's interior. The dramatic ob.servations in 
early 19H9 may have signalled the coining of a 
banner year for .suaspots and solar flares. (Sunspot 
activity follows an 1 1-year period expected to peak 
in 1991.) 



vSupercomputers: Flame Behavior, 
vSurface Research 




F, 



rom the beginning, fire has fueled civilization, 
providing warmth and protection for our ancestors 
half a million years ago. Ikit today we still know 
relatively little about the structure and dynamics of 
the llame. Because of fire's complexity, scientists 
have developed computer models to describe its 
fluid dynamics and chemistiy. Most models empha- 
size either dynamics or chemi.stry. but rarely both. 
Now mechanical engineer AU'tchell Smookamd his 
colleagues at \ ale University have used the Cornell 
National Supercomputer Facility, an NSF-supported 
center, to explore the efl'ects of both lluid flow and 
chemical structure in four types of flames. Better 
under.standing of the behavior of certain flames can 
help researchers identify how air pollution forms 
while they also learn about the llame's structure 



The .study of surfaces and how they evolve- 
be they soap bubbles or the facets of a growing 
crystal-has prompted collaborations among mathe- 
inaticians. physicists, and computer scientists. And 
the graphic imageiy generated by such research 
.seems to meld art with science. 

An international collaboration of mathemati- 
cians-coordinated by the Tniversity of Minnesota- 
has developed a computer program that maps the 
.surface of clusters of crystals, soap bubbles, and 
other solids and lic|uids. given the forces that act on 
them (such as gra\ ity and pressure) and such con- 
straints as volume and their surroundings. The 
program, developed by Pniversity of Michigan 
mathematician Kowoth A. lirakke.xs part of NSF's 
Geometry Supercomputer Project, relies on simi- 
larities between materials as seemingly dilTerent as 
crystals, capillaiy surfaces, and soap films. 



National Solar Observfiiory 
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In other surface research, probing the micro- 
scopic structure of solids is also a challenge. Hut in 
the scanning tunneling microscope, researchers 
have a powerful de\'ice that can make aiom-by- 
alom portraits of a surlai^x*. 

u 



// 



Such iniricalc images have rcvolutioni/cd 
materials rcscarc h. because surface atoms play a 
special role in clet«.M'niiiiing many properties of 
solids, such as chemical reactivity, resistance to 
corrosion, and electronic behavior. 

Unlike an optical or electron microscope, the 
scanning tunneling microscope (STM) does not 
actually "see" the surface it probes. Instead, the 
instalment uses a cjuantum phenomenon called 
tunneling. A very sharp metal tip is brought ex- 
tremely close to the surface, leaving a gap only a 
few angstroms wide. A small voltage between the 
tip and the surface forces a very small electrical 
current across the gap. This tunneling current is 
extremely sensitive to small variations in the width 
oi the gap--so .sensitive in fact that in scanning the 
tip over the surfa e, atom-si/.e features show up as 
large changes in the tunneling current. Thus the 
tip's scan generates a precise topographic map of 
the surface. 



Unlvcriilty of Minnesota 




Soap bubble clusien As discovered in surface 
research, this group of six bubbles is the smallest 
number that can share surfaces that are not 
spherical in shape. 




'Hk' iiiicroscoiX' s lip has also Ixvn usc'cl to 
make aioni-si/c'cl dcnis in iiiaicri:ils and as a 
Miinialuiv iransporicr, picking up a murv mokrulc 
of niaicMial ai one spot and putting it down some- 
pkiec else. Heeause the microscope relies on de- 
tecting electrical current between the tip and the 
surface, it works best with materials that are good 
electrical conductors. But more recently, research- 
ers have used the instrument to probe the surface 
structure of DNA and other molecules of life. 





STM results. In the Maiettals Research Laboratory at the VntversUy of 
Itttnois at CbaMpaiguUrbatta, researcher Joseph W. Lyding has developed the 
worlds first variable-temperature scanning tunneling electron microscope 
(STM), This illustration shotvs false color STM images of carbon atoms on a 
graphite surfatv ut temperatures ^fi^om MOK (207f) to as tow as 125K('234Fl 




Chemists Create New State 
of Matter, Advance in Study 
of Transition States 

T 

X rapping one molecule inside another like a 
Tinker Toy prison, a UCLA research team led by 
Donald J. Cram says it has created a new state of 
matter. Possible applications for the discoveiy 
might one day include new types of liquid crystals, 
new catalysts to promote chemical reactions, 
improved techniques for imaging the body, and 
new methods for delivering anticancer and other 
drugs. 

Cram, who received the 1987 Nobel Prize in 
chemi.stiy, calls the new molecules "carceplexes," 
from the Latin word for prison. Each carceplex 
contains a "carcerand," or hoHow molecule that 
forms the jail cell walls for the "gue.vt" molecule it 
traps inside. The guest molecule. Cram says, 
po.s.sesse.s a state of matter different from solids, 
liquids, gases, or plasmas. 

Cram and his co-workers have worked on 
carceplexes for .several )ears, but in 1989 they 
.succeeded in making purified crystals of the 
compounds, enabling the researchers to perform 
detailed structural studies. The crux of these com- 
pounds relies on carbon atoms, which chemically 
bind to other atoms in shapes resembling flexible 
Tinker Toys. Crams team members fortiied mo- 
lecular cages or prisons by fitting together several 
of lhe.se carbon-based shapes; they found that they 
could trap a smaller molecule inside while chemi- 
cally constructing the Tinker-Toy-like prison walls. 

Surprisingly, the group found thai the trapped 
molecule, although locked into a rigid ciystal 
structure, appeared free to rotate or change 
direction at random, depending on its shape and 
size relative to its prison walls. By applying mag- 
netic fields, the researchers discovered they could 
control the orientation of the trapped molecules. 
For example, cylindrical prison molecules could 
rotate only around their long axis, while short 
molecules could rotate in several directions, 
presumably because their smaller size allowcvl 
more mobility within the chemical prison. 

While Cram notes thai hi^ group invented the 
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New phase of 
matter. Nobel 
laureate DonaM 
Cram holds the 
type of molecular 
model he uses to 
design ''carceplex" 
molecules. 



carcej^lexes to understand basic principles, the 
research may eventually have several dramatic 
payoffs. For example, a radioactive molecule that is 
chemically poisonous in the free state might be 
placed as a pri.soner inside a larger molecule that 
attaches lo a cancer cell. This would allow the 
imprisoned radioisotope to kill the cancer cell with- 
out harming healthy cells nearby. 



In studying transitk)ii stales, scientists for years 
determined many details of chemical reactions by 
analyzing before-and-after pictures of the initial 
reactants and the final products. Hut there were no 
eyewitness accounts of iwr -.utual reaction. Thai 
scenario changed when N.SF-backed researchers, 
using ultrashort pulses of laser light, glimpsed for 
the first time how atoms change partners in a 
chemical reaction-even one that is shorter than a 
millionth of a millionth of a second. This work was 
done at CalTech. the I'niversily of Chicago, the 
I'niversity of Pennsylvania, I C-Herkeley. and 
ATcVmell Labs. 

Scientists say the laser technic|ue pro\'ides a 
groundbreaking first look at the birth of niolecules 
Ibnned as intermediate or transition compounds 
when two substances begin a chemical reaction. 
\X1ien molecules in a reaction encounter each 
oiher, ihev usually Ibrm high-energy, loosely 
bound complexes ol iiiolecules--llie hansilioii 
slales-before forming products, rsually the 
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Ulirafast chemistry. Ahmed Zewail (wearing tie) 
and members of Ms CatTech research group 
gather around a laser set-up designed to measure 
uUrqfast chemical reactions, 

A. Zewail, CalTech 




Laser table. A penciMMn beam of laser light 
travels through prisms and tenses, then bounces 
off mirrors, iUuminatitig equipment used to 
measure uttntfasl ctjemicat reactions. 



transition state lasts for so short a time that it is 
impossihle to study. But by adding pulsed laser 
light at just the right moment, the transition slate 
can be detected directly or con\ erted to a stable 
state with a similar geometry. 

Chemists also use laser pulses to break up 
single molecules or biniolecular compounds into 
fragments. Transition states are obsei'ved as they 
lose energ>' and decay into the Final products, emit- 
ting a characteristic pattern of radiation in the 
process 

The new information on transition states tells 
chemists such things as how energy is distributed 
inside isolated molecules or between molecules 
sharing a common bond. In addition, the laser 
technique holds the potential for directing chem- 
ical reactions to produce specific products. 

Biodegradable Plastics; Bacteria 
That Secrete Polymers 

jR^esearchers have developed new biodegrad- 
able plastics and novel methods for recycling c(m- 
ventional, long-lasting plastics. The findings are 
welcome news because synthetic plastics have an 
estimated lifetime of hundreds of years in soil, 
harming both soil and wildlife. A study conducted 
for the Environmental Protection Agency showed 
only about 1 percent of plastics are recycled, even 
though they account for about 76 percent by 
weight of trash dumped in I'.S. landfills. 

At the Center for Plastics Recycling Research 
at Rutgers Tniversity, an NSF Industiy-University 
Cooperative Research Center, scientists have devel- 
oped and licen.sed an economical large-scale recy- 
cling system. It detects certain types of plastic soft 
drink bottles and high-density polyethylene 
containers and separates them from other plastic 
debris. The containers can then be reused, A new 
plant at Logan Town.ship in .southern New Jersey 
will be the first to use the recycling system. And 
what about other, noncontainer plastics? The 
research center also has a model .system that 
extrudes materials mixed from the remaining 
pla.stlcs; tho.se itiaterials can be used to make park 
benches or parking lot blocks. 
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At the University of Massachusetts, Amherst, 
polymer chemist RohetiLenz cxnd biochemist 
R. Clinton Fuller suidy bacteria that produce 
plastics when fed different liydrocarbons. Lenz and 
Fuller focus their efforts on coaxing bacteria such 
as Alcaligcnes eutrophusio create new pol testers. 
The idea may sound surprising because most 
polyesters are human-made; nevertheless, just as 
plastics are long chains of repeating carbon 
compounds, polyesters contain subgroups of 
"ester" groups like those found in animal and 
vegetable fats and oils. The researchers have 
already obtained new polymers with unusual and 
desirable properties, and they have worked 
intensively with a bacterium that has the potential 
to produce a compound of major benefit to the en- 
vironment-biodegradable rubber. 



World's Oldest Known Rocks Found 



U.S. 



% and Australian scientists say they have 
discovered the world s oldest known rocks, two 
3.96 billion-year-old specimens gathered from the 
Slave Province, a remote region of Canada in the 
Northwest Territories. The oldest rocks previously 
known were found in Greenland {3>52 billion years 
old) and Antarctica (3.H7 billion years old). 

Samuel A, Bowmifi, an earth and planetaiy 
scientist at Washington University in St. Louis, 
leported these findings in the fall of 19S9. upon 
returning from the laboratory of his Australian 
collaborators in Canberra. After hauling some 4.()0() 
pounds of rock to that lab, the team had used the 
most advanced technology available to date the 
specimens. That technology was the Sensitive High 
Mass Resolution Ion Microprobe (SHRIMP), a 
highly sophisticated isotope-measuring instrument. 

From 1983 through 19S9. Howring and his 
students, along withyr?;/cV li. King of the (leological 
Sui-vey of Canada, searched for and collected 
samples from the western Slave Province. 

"We've now pushed 100 million years farther 
back in terms of rock we can study, into a period 
of earth s history about which we know almost 
nothing,** said Bcmring. The rocks found by his 




Reclaiming plastic. Ai Rutgers Vniversiiy's Center 
for Plastics Recycling Research, Darrell Morrow 
poses next to equipmettt that detects and sepa- 
rates certain types of plastic for recycling. 



group are apparently unchanged since they formed 
in that little-known epoch. 

Scientists believe the earth formed approxi- 
mately 4.S billion years ago. but they know very 
little about its earliest development. These well- 
preserved rocks should help ihem learn more 
about that ancient period. 



First S&T Research Centers 



I 



n December 19SS, NSF selected the first 
avvardees for its new Sc ience and Technology 
Research Centers program, funding 1 1 centers in H 
stales for a total of nearly S2S million. Researchers 
ranging in focus from cosmology to storm predic- 
tion and from biotechnology to superconductors 
began to make their visions reality at universiiy- 
hased centers in California. Illinois. Michigan. Nev, 
Jersey. New ^*ork. Oklahoma. Texas, and V irginia. 

\SI* established these basic research centers to 
encourage exploration of problems that are 'arge 
scale or may recjuire exiendetl lime and special la- 
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cililics or collaborations to tac kle. The Foundation 
required applicants to shape their proposals around 
a unifyinj^ theme, to include a strong educational 
component, to provide methods of transferring 
basic research ideas to those interested in applying 
tiicm. and to establish collaborations with govern- 
ment, industry, states, or other interested parlies. 

Foundation support comes through a coopera- 
tive agreement with the university managing the 
center. A review after each center's third year will 
determine whether funding will be extended or 
phased out. 

The first S&T centers include lhe.se three: 

• University of Illinois, Champaign-lJrbana- 
Center for High-Temperature Superconductivity 
Investigators emphasize the understanding 
of interactions that give rise to high-temperature 
superconductors-materials that at a certain tem- 
perature lose all resistance to electric current. 
Scientists probe superconducting materials to learn 
more about their structure and chemical propenies, 



how they conduct electricity, and how to shape 
them into thin films and v)ther usable forms for 
circuitiy. 

• Michigan State l-niversity-Center in Microbial 
Kcology 

Beneficial microbes that digest unw'anted or 
contaminating materials may reduce groundwater 
pollution, improve control of plant pests, enhance 
the recycling of organic material, and perfect the 
products of biotechnology, fermentation, and other 
industrial processes. This center draws together 
microbiologists, soil .scientists, geneticists, chemisls» 
engineers, and mathematicians in an effort to study 
microbes and how they are affected by the environ- 
ment. 

• University of Oklahoma-Center for Analysis and 
Prediction of vStorms 

Focusing on better models for predicting 
tornados, flash floods, and severe thunderstorms, 
this center fills a gap in understanding weather 
phenomena that arise on a scale too small to be 



Air inside a thunder- 
siortiL Oklahoma's 
Center for Analysis and 
Prediction of Storms 
created this computer 
model of an air vortex 
inside a mature thunder- 
stomu Like water going 
down a drain, the rising 
air spins around each 
line with warm colors 
representing faster 
rotation rates. 
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accounted for by current techniques for data collec- 
tion and analysis. Using new ground-based radar 
and advanced supercomputers, meteorologists, 
mathematicians, and computer scientists work to 
develop and test new computer models. Their aim 
is to understand more about-and ultimately 
predict-regional wvathcr systems that give rise to 
storms causing widespread damage. 

Research on Cracks 

A 

XA. small crack in a "SO-year-old tanker suddenl> 
expands, ripping the container open from top to 
bottom and spilling three-c|uarters of a million gal- 
lons of diesel fuel into the Monongahela River, the 
source of drinking water tor thousands ot people in 
Pennsylvania. A 19-year-old airplane sutldenl> 
ejects llic upper half of its fuselage in mid-flight 
between Hilo and l lv nolulu. hurling a flight 
attendant to her death Ui.vl injuring 01 other people. 
And an K5-year-old bridge, a major thoroughfare in 
New York City, closes for six weeks because 
officials fe u* years of neglect have brought the 
.structure to the brink of collapse. 

Aging, overloading, insufficient maintenance, 
and expo.sure to the elements have taken (heir loll 
on the nation s multi-trillion dollar public works, 
which include bridges, airports, harbors, and 
buildings. As a result, efforts and expenditures (o 
repair and rehabilitate ihese structures have 
increased. Hut to avert disaster, engineers and other 
researchers need to know about potential problems 
before they occur. Hxaclly how mutli stress is too 
much for a concrete bridge? W'hai type of sensors 

O 
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WartH air risipig, Tfjis computer ima^e, created 
by Oklahoma's Center for Analysis and Prediction 
ofStot*nts, simulates a bubble oftjann air rising 
through the lower atmosphere, Watm colors 
correspond to the warmest temperatures. 



are best to detect cracks in specific construc^'on 
materials? How can scientists accurately nic^asure 
the remaining life of an office building or suspen- 
sion bridge? These research questions are the 
domain of an NSF initiative that supports develop- 
ment of instruments to prc^be the health of wood, 
concrete, masonry, and steel construction materials 
without disturbing or destroying a structure. 

Although some detectors already exist, they 
often require removal of a sample, leaving a small 
but noticeable structural gap that u.sually re(|uircs 
repair. Nondestructive methods to probe metals 
and materials used in defense are common; the 
NSF program, a collaboration among three sections 
in NSI's Plngineering Directorate, focuses on devel- 
oping such nondestructive methods anel instru- 
ments for the key but often overlooked field of 
construction. 

Some of these methods use sound waves or 
other probes to detect (laws or weaknesses in 
concrete and wood. The collapse of sev eral 
highway bridges has prompted hwik D. Ikfaico 
Mul jo/.vi A. On at the Worcester Polytechnic Insti- 
tute in Massachusetts to investigate the use of 
sensing devices anel electronic ec|uipmeni that 
could warn motorists of a bridge failure before it 
happens. In collahoration with engineers at Purdue 
I niversiiy. Ihonias I:. Foiskc at the I'niversity of 
Louisville in Kentucky used special detectors on 02 
highvsay bridges to measure the displacement and 
vibration induced by different types of c ars, trucks, 
and nailers. The study compared the stability and 
strength of several types of bridges, including those 
supported by steel beams and reinforced coiu relc. 

At Cornell I niversiiy. engineer McnyJ. .S(Ois({- 
lone and to-workers laf) concrete slabs with a 



special haniiiKT to detect structural flaws. The 
pattern of' vihraticn echoes geiieratecl hy tlie ham- 
mer clues the researchers ahout defects in the 
material. Comparison of echoes hetore and after 
.-lUx'ssing the material tells the investigators the 
impact of various forces on the concrete. Also at 
Cornell, Alan 7' /cbiider uses inlVared detectors to 
measure the increase in heat generated hy crack 
formation in materials. Such measurements may- 
give an early warning sign for defects in many 
types of infrastructures. 

In separate hut related work, this time sup- 
ported hy NSF s materials research program, 
chemists and physical scientists examine defects in 
simple materials in the hope of modelli^^ flaws in 
more ccMiiplex structures. Kven these simpler 
studies involvi* structural hehavior more complex 
than meets the eye. The types of materials that 
resist cracks differ from those which are hest at 
slowing the spread of cracks once they form. >'//;- 
Wah Cbioifi at Northwestern I 'niversity studies the 
effect of chemical environment on crack fX'havior 
in gold, gold-silver alloy, and silver-aluminum alloy 
ciystals. Chung and his collahorators use a scan- 
ninj^ tunneling micro.scope to image microscopic 
cracks and follow the jagged pattern created as 
( racks propagate through the ciystals. 

Such hasic studies may help pave the way for 
enj'Jneers to routinely lace huikling materials with 
electrical, fiher-optic, and other sensors that con- 
tinuously monitor structural health. 



Innovative Small Business Research 

T 

X raclor-lrailers, or "hig-rig* trucks mayheahle 
to save up to a hillion gallons of fuel per year, 
thanks to a device developed under an NSF small 
husiness grant. 

The device, called an aerodynamic hoat tail, 
\\ as developed with a Small Business Innovation 
Research (SBIR) grant to Continuum Dynamics, Inc. 
(CDI), of Princeton, New Jersey. The tail underwent 
tests in NASA s Ames Wind Tunnel, the world's 
largest. Tho/.e tests, conducted hy NASA engineers, 
showed that drag on the test rig was reduced hy 
ahout 10 percent, resulting in the potential fuel 
savings. (Drag is a uhiquitous prohlem with large 
trucks; the greater the vehicle's speed, the greater 
the pull or drag on it.) 

The CDI device consists of fins attached to the 
rear of a truck. The fins work hy causing the air 
flowing over the top and sides of the truck to turn 
inward at the hack, creating a smoother flow that is 
shaped like a hoat tail. By turning the air flow 
inward, drag on the truck is reduced. 

A key feature is the ahility to stow the device 
against the rear door or trailer sides. 

SBIR grants have fostered other recent success 
stories. A grant to Charles livans ik Associates, Inc. 
of Redwood (Jity, California, helped the firm 
develop and market its advanced imaging detector 
system for ion microscopes. This system was op 
the market within one year after Phase II of the 
grant ended. Sales now exceed $6 million, with 60 
percent exported, (iustomers include such major 
companies as IBM. A1\S:*r, Xerox, Toshiha. and 
Nippon Telephone and Telegraph. Another grant 
to Radiation Monitoring Devices of Wateitown, 
Massachusetts, helped introduce an analy/er crit- 
ical to c|uality control of mass produced, glass- 
reinforced plastics — used in automohile panels, 
computer cases, and telephones. 

In \'\ 1989, NSF awarded 229 grants to small 
high technology companies, in an eltbrt to promote 
this kind of pioneering researc h. 
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Presidential Teacher Awardees 



i'dch year two oiitsiancling high school or mid- 
dle school teachers from ev er>' state, the District of 
Columbia, Puerto Rico, and the U.vS. territories 
receive this award. It is intended to encourage 
high-quality math and science teachers to enter and 
remain in the field. NvSF established the award, in 
cooperation with the White House and scientific 
and professional organizations, in 1983. Some 1989 
winners are shown below; these photos were taken 
during awards week in Washington, IX. (October 
1989). 



Award-winning teachers. Shown here are some 
of the 1989 winners of the annual presidential 
awards for math and science teaching. 
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Chapter I 



RESEARCH COLLABORATIONS 




VVilhoul ihc li^hl loolsancl up-lo-dilc labora- 
lories, even iho most lalcniccl scicnlisis cannot 
hope lo conduci cuiling-i»cl^c ivscarcii or kcvp 
abreast in their fields. But the costs of replacing and 
renovating equipment have skyrocketed. 'Hius a 
continuing coordinated effort hyacademia. indus- 
try. and government is needed to help finance the 
repair and renovation of scientific laboratories. 

At NSF, a new facilities office has produced a 
report addressing this issue (see chapter 0. Beyond 
that, the recognition that research institutions often 
cannot afford to buy and maintain the tools and 
facilities of modern research has ahx\uly forged 
new collaborations between imiversities. industry, 
and gowrnnient (both federal and state). And, as 
modern research blurs the boundaries between 
disciplines, the pooling of resources becomes 
welcome and ine\ itable. l or several years. NSF has 
pioneered such collaborations by supponing 
research centers in astronomy, atmospheric 
science, materials research, and (more recently) 
engineering, supercompiiting. and other areas. NSF 
also has funded instrumentation shared by several 
research groups. What follow s are some recent 
esaniples of these efforts. 

Supercomputers 

Predicting thunderstorms more accurately, 
hacking the changing structure of a newborn star, 
designing a belter artificial leg-tliese are some of 
the applications ol supercompuiers. But just fi\e 
years ago lew uni\ersities had access to these 
multimillion dollar machines, w hich enable scien- 
tists to lac kle in a lew hours complex problems that 
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mighl Ix* oiIktwIsl" im[')()ssil')k' lo soK c or would 
ivquiiv a years running lime on a c()n\ cntional 
computer. 

Today, the I'ounelalion esiimales thai more 
than 1 1,000 professors, sludenls. and other rc- 
scareher.s in diverse fields use supercomputer 
facilitie.s-thanivs to the establishment of NSI- 
campus centers nationwide. This program has the 
active cooperation and financial support of indus- 
tiy, states, and universiti(\s. An NSF--supported 
communications network. NSFNHT. links users 
from across the nation to these centers and pro- 
vides campuses nationwide with access to the 
supercomputers. 

During 1989, NSF Ivgan to upgrade four of the 
supercomputer cenlers-at Cornell I niwrsity. the 
University of Illinois at Champaign Hrhana. the 
University of Pittshurgli-Carne ,?ie Mellon Univer- 
sity, and the University of California at San Diego. 
The five-year grants will help develop more 
efficient software and expand education and 
training in supercomputing-all efforts that make it 
possihie for scientists to explore new problems 
using computers. 



As [xirl of as Ufigrade, Cornell w ill recei\ e a 
s|x\ ijl grant for a second IliM su[X"rcom[Hiter, 
The second machine furthers the center s study ol 
[XMallel |M()cessing-a technicfue in w hich com[')lc\ 
scientific prohlems are di\ ided into [Meces nm 
simultaneously on different [processors in the same 
computer, s[X"eding results. 'I'he (Cornell center 
already uses parallel processing to analy/e such 
topics as: 

• I low the AIDS epidemic is s[:)reading in New 
York City; 

» The environnuMital, political, and engineering 
aspects ol acid rair ; 

• I low sound waves penetiate eye tissues (in 
order to plan hetter ultrasound treatnuMit for 
eye cancers). 

Science and Technology Research Centers 

The first 1 1 S<S:T Research Centers funded hy 
NSF (see "Research Notes") include the Center for 
Research on I^irallel Computati\)n. Awarded to Rice 
Univ ersity, this center is a four-way partiXMship 
Ix'tween Rice, CalTech, Los Alamos National 
Laboratory, and Argonne National Laboratory. 



Site of super- 
computer at 
UOSau Diego 
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New materials. 
At Case Western 
Reserve University, 
Cliff Hayman 
(back) and John 
Angus are investi- 
gating synthetic 
diamonds like the 
ones magnified 
10,000 times in 
the inset 



Inset: Lawrence Siuikoff 



Scientists from all four institutions ate coopci'ating 
to develop soriwaie and algoiithnis that can better 
recognize and take advantage ot the ernerging 
parallel architectures to he used in scientific 
applications rec]uiring high-performance comput- 
ing. In addition to equipment available at Rice and 
Calrech. facilities at the Advanced Computing 
Laboratory at Los Alamos and the Advanced 
Computing Research Facility at Atgonne will be 
available for use by center participants. 

A donation by Cray Research. Inc. of 2.S()() 
hours of supercomputer time (valued at S i million) 
helped boost research at many of the Science and 
Technology Research CX-nlers duritig IW9, .Many 
investigators at the centers use su[KMConipulers to 
run tiiodels of complex phenomena, ratiging from 
the motion of light through molecular clumps de- 
posited on photographic films to the large-scale 
structure of the universe Tlie donation gaw scien- 
tists access to a (.ray-2. a supercoiiipuler thai has 
ihe largest memor\- of any commeix ially av ailable 
com[niler, (for more on St^T centers, see Research 
Notes.") 



New Materials Research Groups 

NSF established three new materials research 
groups' during 19H9. bringing, the total to 16 at 14 
dilferent uni\ ersities. Investigators at Case Western 
Reseive are studying ways in which carbon atoms 
nucleate to form ultra-hard diamond and diarnond- 
like thin films. Two groups, one at the University of 
Minnesota, the other at the University of Wi.sconsin- 
Madison. explore different aspects of high-tempera- 
ture superconductors. The Minnesota group 
focuses on the physical propenies of thin films 
fabricated from these materials-, tlie Wisconsin 
group is conciMned with the small giains present in 
these materials and how the links between these 
grains limit the amount of current that can be car- 
ri( J, Holh areas pose fundamental problems that 
nuisl be owrcome before w idesf^read use of higlv 
lemperalure superconductors becomes possible. 



\sl .jN(» sponsors .1 si'patjK* pio^i.itn t«»t in.iii ti.ils ri'si.ifih 
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Long-Term Ecology Projects 

Three research insiitutioiis were aw arded six- 
year grants by NSF to undertake intensi\'e studies of 
widely different ecological systems. These systems 
include a rain forest in Puerto Rico; a New Mexico 
site combining deserts, grasslands, and forests; and 
an experimental forest in Massachusetts (see 
chapter 2 for details 

Five Engineering Centers Renewed 

NSF renewed for fi\e years Engineering Re- 
search Centers at Carnegie Mellon University, the 
University of Illinois. Lehigh University. Ohio State 
University, and Hrigham "i'oung University jointly 
with the University of U'tah, The first of these IS 
cross-disciplinary centers wck* created in 19SS. 
Each brings together facult>-. students, and industiy 
professionals to focus on fundamental research and 
education in design, materials processing, manufac- 
turing, telecommunications, and engineering sys- 
lems-areas vital to maintaining U.S. indu.strial com- 
petitiveness with other natif)ns. The centers al.so 
focus on new approaches to engineering educa- 
tion, to prepare students thoroughly for engintvr- 
ing practice. 



1*. Ncwfarmcr 




Engineering research cetUer (ERC), Graduate 
student Yongsenng Yun and chemical engineering 
professor JoAnn lighty investigate coal combustion 
at the University of Utah. 




Lehigh ERC The Mtdtidlrec- 
tional Experimental Labora- 
tory, shown here, is at Lehigh 
University's Center for Ad- 
vanced Technology for large 
Structural Systems. Here full- 
scale structures are tested 
under mtdtidirectional loads. 
The center is also investigating 
innovations in design con- 
cepts, fabrications and 
assembly techniques^ and 
perfotmance monitoring. 
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Comprehensive Regtonal Center 
for Minorities. At FloHda A&M 
University, biology professor 
Lynette Padmore (Icjl) directs 
student research. 
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CcMilcT researc h al U'hijjii iiu ludes iIk» study of 
design, construction, an .1 safely moniloring of large 
structures such as buildings and bridges. This 
center has already developed self-aligning connec- 
tors that case ihe joining of stru tural components, 
computer software "expert" systems that aid in 
designing structures that are easy to build, and 
corr()si(^n sensors for long-term monitoring of 
structural stability. The center exposes students to a 
total systems view of structures, Students interact 
with representatives of cc^nstruction firms, botb at 
Lehigh and at cc^nstruction sites. 

The ERC at Hrigham Young and the University 
of Utah will continue research and education on 
the fundamentals of combustion, including devel- 
opment of a model that industiy uses to control 
burning in boilers, furnaces, and waste incinerators. 
Industiy works closely with the HRC to test this 
nu^del on a range of real-time situations. The goal 
is to pollute less and burn material more efficiently. 

Minority Centers 

During 1989, NSF expanded one of its pro- 
grams to enhance minority participation in the 
scientific and technical work force. The Foundation 
established five new Comprehensive Regional 
Centers for Minorities in California, Fk)rida, Mis- 
souri, Pennsylvania, and Texas: these centers 
encourage and support minority students in science 
;md math programs from kindergarten through 
college. Along with sites in New York City, Atlanta, 
and Puerto Rico, the new centers emphasise part- 
nerships among colleges and universities, commu- 
nity groups, and loeal and stale governmenls-to 
aeldress the nationwide scarcity of most minority 
groups in science and engineering. The Foundatk)n 
plans to launch IS of these centers by 1991, 

In addition 'o these comprehensive regional 
centers, which operate primarily at the pre-college 
level, the Foundation also supports a program 
called Minority Research Centers of Hxcellence 
(MRCH). This program aims to increase the (|uan- 
lily, and strengthen the (jualily, of NSF\supporled 
researc ^ al key minority academic institutions. Th.e 
MRCF c .fort is based on the premise l!ial members 
ofminoriiy groups presently underrepiesenied in 




research careers will enter such careers if ihey are 
made more ailractive and accvssihie. MUCH com- 
plements another NSF program called Research 
Improvement in Minority histitutions (whicli 
supports specific research projects) hy encouraging 
some of these institutions to undertake long-lenri 
efforts to develop into major research and tmining 
centers. 

New Program to Link Chemistry, Cliemical 
Engineering, Materials Research 

Novel chemical approaches to the preparation 
and processing of advanced ceramic compounds 
have led to ceramic materials that are stronger, 
lighter, and can w ithstand higher temperatures than 
metals. Such properties olfer promise tliat ceramics 
may one day replace metals as components of 
airplanes and auto and aircraft engines. 

Traditionally, ceramics haw Ix^^n made under 
high temperatures and often at high pressures, 
using a process that can somelimes c ause impuri- 
ties or cracks in the material. Calastrophic railure ol 
the ceramit part can result from such delecls. hut a 
novel method of making ceramics, metalorganic 
chemical vapor deposition, has far fewer prohlems. 
The process, a subject of worldwide research, 
yields a composite material w hie h. upon healing. 



Minority Research Center of lixvellence, \t the 
University of Texas at El Paso, \SF supports a 
nmltidisciplinaty center for mateHals science. 
This grant promotes rapi€Uy advancing research 
areas at institutions with 50 percent or more 
minority students. 




Research Improvement in Mim^rity 
Institutions (RIMI). Supported umier 
the RIMI program, a Chicago State 
University biology student examines the 
chromosomes of tin* \vdv%pnosquito. 
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Interagency cottaboratton* 
A technician works on a neutron 
guide tube for the iew Center for 
High Resolution Neutron Scatteting. 
The center was established by NSF 
and the National Institute of 
Standards and Technology (pati 
of the Commerce Department). 



decomposes into a preformed ceramic, with vastly 
improved properties. Other applications of funda- 
mental organometallic chemistry are also leading to 
breakthroughs in areas such as high-temperature 
superconductors and advanced electronic materials. 

A recent NSF initiative on materials chemistry 
and chemical processing supports collaborative 
studies of these and other novel routes to forming 
ceramics, high-temperature .superconductors, 
electronic materials, and other compounds with 
unicjue properties-research that requires the 
tomplementaiy expertise of chemists, materials 
scientists, and chemical engineers, 

Continuing the theme of an interdisciplinaiy 
approach to materials research, the National 
Research Council — with NSF and other support — 
conducted a comprehensive three-year suivey of 
the relationship between materials science and 
engineering. ' The study found some striking 
contrasts — for cxampk*. the field has had a series of 
rapklly emerging disc( s eries and applications, but 
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researchers predici a shortage of ecliicaied person- 
nel. In addition, limitations on the supply (^f raw 
materials have already hampered progress. 

The central message of the study challenges 
materials scientists, engineers, and policy makers, 
noting that the relationship between materials 
science and engineering opportunities is vital. 
Federal programs have taken the lead in treating 
engineering and materials science as related 
entities, but industry, academia, and government 
institutions must find new ways to coc;rdinate these 
programs. 

Physics, Biology Collaborations 

A new NSF-funded institute has been estab- 
lished at Harvard University to help provide a focus 
for theoretical atomic and molecular physics, and to 
address the severe shortage of U.S. academic 
theorists in this area of study. Intended to .support 
and educate talented graduate students in this 
active but underpopulated field, the Haivard- 
Smithsonian Institute of Theoretical Atomic and 
Molecular Physics focuses on such phenomena as 
classical chaos, in which microscopic disturbances 
in the initial motion of an object grow enormously 
until they lead to huge, random changes later. 
Institute physicists al.so attempt to understand 
better the atomic processes that determine the 
properties of plasmas-highly ioni^.ed gases con- 
tained within stars and created on eaith in fusion 
energy experiments. 

There are other research questions at the in- 
stitute. Are the laws of nature any different for 
pai'icles thai appear identical but move as mirror 
images of each otiKM? Do the laws alic^r if time runs 
backward.sr' Can we explain the direction of lime? 
Theorists at the institute ponder such fundanienial 
issues, which may sound strange and somew hat 
unreal, but turn out to have a profound and 
practical effect on unifying and understanding the 
four known forces of nature. 

A new center for studying (he atomic structure 
of materials using neutron beams w as (\siablished 
by NSF and the Commerce Department's National 
Institute of Standards and Technology ( \IST). 
Scheduled to open in 1991 at M.ST head((uaners in 
Claithersburg Maryland, the C.enter lor High 



Kesc^lution Neutron Scattering will use low-energy 
or "cold" neutrons to probe materials in a manner 
similar to X-rays. But because neutron beams 
penetrate to greater depths and interact differently 
with matter than do X-rays, they provide comple- 
mentaiy information. The national center will 
feature two new state-of-the-art spectrometers to 
measure neutron scattering. It will be open to users 
from universities, industry, g<..vernment, and 
nonprofit groups, both U.S. and foreign, 

Indu.stiy and medicine both .stand to benefit 
from a new national facility at Washington Univer- 
sity in St. Louis, Missouri. This facility gives scien- 
tists the most advanced instrument available for 
determining the .structure of biological molecules 
and experimental polymers. Researchers at the 
National Instrumentation Facility for Nuclear Mag 
netic Resonance of Biological Studies have been 
probing the atomic structure of biological mole- 
cules and living ti.s.sue with a magnetic system 
widely used for imaging the human body in 
medical diagnosis. The recent extension of the 
technique, known as nuclear magnetic resonance 
( NMR), for analyzing solids allows scientists to 
image insoluble biological molecules in their 
natural state. 

By using NMR. biologists learn more about the 
structure of cell walls and membranes, and of skin 
and other tissues. Researchers then apply this 
knowledge to design more pcrverful drugs to treat 
cell disorders with fev^er side effects. Investigators 
also rely on solid NMR to study experimental 
polymers, materials built up from repeating micro- 
scopic networks of organic chemicals. NMR allows 
sci .'ntists to determine whether the new polymers 
might be u.sed as aerospace materials, electrical 
conductors, or biodegradable plastics. 

New Radio Telescope at Green Bank 

It took only minutes for a leading instrument 
in radio astronomy for id years to collapse sud- 
denly on the e\ cning of November IS. 19HH. I'lic 
.^(K)-foot telescope in Cireen Hank, ^ esl V'irginia. 
completed in 1902. w as one ol the w orkPs largest 
single-dish instruments for delecting radio signals 
emitted Ironi astronomical objeds in our own Milky 
\\ ay gala\\ and beyond. 
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Untying DNA. Mathematicians 
and molecular biologists are 
working together to understand 
how knotted strands ofDNA, 
shown here in an electmn 
micrograph, untie themselves. 




An iiKk'pcMulcnl study panel appointed by 
\SI- and the Associated I'niversities. Inc., which 
manages the NSK-llinded radio telescope. loLind 
that the (Vactiire of a single, highly stressed steel 
plate was the likely cause of the collapse. The plate 
that Tailed was a key part ol the telescope *s support 
structure, and it was suhjecteel to high stresses 
w henever the telescope swiveled to change 
direction. <The instrument was heing rotated (Vom 
one position to another w hen it collapseel. ) The 
panel also (ound that stress on sev eral other 
structural elements-including some tings and radial 
rihs ol the telescope dish itsell-was suhstantially 
higher than is pennissihie today. 

Researchers recovered hall Ol the plate Irom 
the w rec'kage: metallurgic al analysis indicated that 
small c racks had devek^pecl in the plate evc*n he- 
lore i( gave way. Ilowewr. these ( nic ks were in an 
area that could not he seen during regular visual 
inspections ol the instrument. 

Supplemental lunds in XM* s 1*^ h)SO hudgel 
are n, iking possible the construe tion ol a replace- 



ment telescope. Like its predecessor, thi.s in.siru- 
ment is expecteel to further pioneering research 
and collahoration hy astronomers throughout the 
I'nited States and in many foreign countries. 

X-Ray Snapshots from a Synchrotron 

I 'sing an intense beam of X-rays, biochemists 
at (Cornell Tniversity's High laiergy Synchrotron 
Source (C:lll!SS) have made snapshots of an organic 
molecule in one ten-billionth of a second-an ex- 
posure time a million times shorter than had ever 
been achieved. The ability to take such last pictures 
opens a new w indow on molec ular structure and 
funclion. and could boost studies in such diverse 
areas as tnicking en/.\nie reac tions and custom- 
designing new drugs. 

Keith Mojfcit. \\ il/ric(l Sc hil(lk(ifii/K Donald 
lUldcrhdch. and Xtaruin Szchcnyi usv\\ a special 
dev ic e to c reate a beam so powerful that difhaction 
pic tures olOrgaiiic compounds could be taken w ith 
a single burst ofX ia\s. Like a pliolographer's 
strobe, the* bright beam enables . scientists to make 
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a snapshot usinjj sliorkT cxposuiv times. 

The device used, a niagnetie tool know n as 
an undulalor. is the |')i()duet of work done in the 
aeadeniie, federal, and private seetors. It was 
desij»ned hy scientists from Cornell and the Ar- 
jjonne National Lahoratory. a United States Depart- 
ment of Knergy facility. The undulator wiis then 
built hy Spectra Technology, Inc. of Belle\ ue, 
Washington. The tool is ii prototype for se\ eral 
such devices planned for the new Advanced 
Photon Source at Argonne: when completed in the 
mid-l990's the facility will create X-ray heams 
10,000 limes brighter than are now commonly 
available. 

Researchers tested the undulator !)y placing it 
in the Cornell Electron Storage Ring. They expect 
that the undubtor-generated X rays should help 
overcome the limitations of current X-ray imagmg 
methods, allowing faster and more detailed pic- 
tures of proteins, viruses, and other large biological 
molecules. Researchers a l^o plan to watch how 
en/ymes rapidly change sliape as they trigger 
chemical reactions. That know ledge may lead to 
development of compounds that are more effective 
enzymes than nature *s ow n. 

Mathematics and Biology: DNA Ties tlie Knot 

In a novel collaboration made pcxssible by a 
five-year, $2 million grant from NSF, muthemati- 
cians have teamed up with molecular biologists to 
.study tangled features of DNA that have troubled 
life scientists for more than three decades. 

liiologi.sts have long been frustratcvl in their 
search for structural patterns hidden within the 
twisted coils that make up large DNA molecules. 
Problems arise in attempting to track the myriad 
knots and tw ists that occur within DNA strands, and 
in tracing the links and intertw inings between 
neighboring DNA strands. The geometiT of these 
tangles helps trigger the biochemical reactions 
ne jdcd to translate the genetic blueprint into a 
complete plant or animal, but researchers have had 
great difficulty in classifying knots, distinguishing 
one shape from another, and answ ering the key 
c|uestion; Which life-sustaining reac tions are 
associated w ith partieular DN.A tangles?' 

I 'singlhe language and e(|uations of topology. 



a branch of mathematics that concerns itself w ith 
knots atid links, mathematicians believe they may 
be unraveling the problem. Ciuided by topology, 
researchers hope to distinguish between DNA 
structures and to trace the thread between them 
and their associated biochemical processes. 

If these efforts succeed, scientists should gtiin 
insight into cellular proce.s.ses that together allow a 
microscopic egg to develop into an adult organism. 
Such events include the control of DNA reproduc- 
tion during cell division, the ordering of genes on 
chromosomes, and mechanisms that control 
whether a particular gene is switched on or off. 

Researchers in the NSF program also study 
proteins, the products of switched-on genes. 
Proteins possess structural features and functions 
that reHect little-understood patterns in the order of 
their molecular Ixiilding blocks, amino acids. A 
better understanding of these relationships would 
aid scientists trying to decide which amino acids to 
string together to create new hormones and drugs. 

This interdisciplinaiy NSF program, which 
initially invoK ed scientists from nine research 
institutions, marked the first time that the Founda- 
tion divisions of mathematics and molecular 
bic).sciences co-funded a large project. The pro- 
gram's primary goal, extending far beyond current 
projects, is to enable matliematicians and biologists 
to learn each other s language, setting the .stage for 
mathematical technit|ues to be applied more and 
more to important biological (|uestions. 

International Collaboration: Ties with Soviets, 
Japanese 

A Memorandum of I nderstanding between 
the NSF and the Soviet Academy of Sciences has 
created new opportunities for cooperative research 
in the basic sciences between the two nations. 

I nder the agreement. American and Soviet 
researchers may take advantage of the scientific 
expertise, (acilities. and research sites of (he two 
countries to address basic research |>roblems of 
special mutual interest. The agreement targets 
spet ilic areas of of-jportunity for mutual benefit in 
mathematics, theoretical physics. .Xrclic research, 
geoscienees. chemistiA . life sc iences, basic engi 
neering research, and science policv. This NSF 
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Japan pvogtam: long tenu 
visitor. Physicist Craig Van 
Degrijt, National Institute of 
Standards and Technology, 
conducted research for a year 
at Japan's Electrotechnical 
Laboratf^ty, 




Soviet Academy program offers U.S. and Soviet 
researchers for (he first time a means to submit 
jointly initialed reseaivh proposals for competitive 
re\ie\v. 

In oilier work wiih the Soviets, the United 
Slates responded to an invitation hy the Soviet 
Academy of Sciences for American scientists to 
help in ihe wake of ihe devastating 1988 earth- 
c|uake in Armenia. With major funding from NSF. 
16 American engineers, seismologists, architects, 
and social scientists loured the disaster area in late 
1 W8 in hopes of learning how (o limit injury and 
loss of life from luiure eanlu|uakes. The I '.S. 
research team included experts from several 
go\ ernineni agencies, universities, and private 
industry. 



AiiK ng the leading indusiriali/ed nations, 
growth in K<S:I) expciidilures has heeii particularly 
impressi\ t' in Japan. A reccnl \S1 report presents 
an iiulepili comparison ol I ,S, and Japanese 
science and leclinologx resourc es/ One of the 
more interesting liiulings is (hat. contrary to 
popular heliel. kvss than 2 percent ol industrial 
R<S:I) lundiiig comes Irom (he Japanese gov ern- 
ment, lompatecl to .^S percent in the I iiilccl Stales. 
The goNcriimeni docs. ho\\ e\ c r. use wirious 
iiulii'ec I mec lKinisnis t( > support the RiS:!) ac li\ ilies 
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of Japan's inclusiric: The ratio ofjapan's conipany- 
fundccl R&D lo gross national product has ex- 
ceeded that of U.S. firms eveiy year since 1970. In 
fact, in the industrial areas of ceramics, electrical 
equipment, textiles, iron and steel, and nonferrous 
metals, Japanese companies spend more than the 
U.S. firms even in absolute amounts. 

To increase collaboration betvs een American 
and Japanese researchers and improve U.S. access 
to Japanese laboratories and facilities, NSF--in 
cooperation with the Japanese government-has 
expanded opportunities for American scienti.sts 
and engineers to do long-tenii research in Japan. 
During the period May 1988 to October 1989. NSF 
supported 20 Americans with JapaivU.S. Fellow- 
ships to spend six months or more in Japan. An 
additiofia! 47 American scientists and engineers 
were nominated by NSF for 6-2 1 month postdoc- 
toral awards supported by the Japanese govern- 
ment, for work at Japanese university or gcn ern- 
ment laboratories. 

In order to gain further access to Japanese 
scientific and technological infonnation, NSF and 
Japan's National Center for Science hiformation 
(NACSIS) have established a telephone link 
between computers at NACSIS and the NSF offices 
in Washington, D.C Through this link and com- 
puter equipment provided by NA(*S1S, I .S. re- 
searchers will be able to access several important 
Japanese scientific databases, including results of 
research grants, doctoral dissertations, and confer- 
ence proceedings. This link, also pro\ iding an 
electronic mail system, should help to draw 
Japanese and foreign researchers closer together. 
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Chapter 2 

SPECIAL FOCUS: GEOSCIENCES/GLOBAL CHANGE 



If the canh's chan}.jn^ weather pallcrns and 
variahilily in climate are our tutor, then researchers 
today haw an unprecedented oppoilunit>' to learn 
more ahoul our planel\s processes and systems — and 
the links that inextricably hind them to our own 
activities, Glohal change is an on^oin^ process and 
many of its patterns are harmless, hut some recent 
events may he grounds for concern. J-or example* 
periodic depletion of the protective ozone layer over 
Antarctica was greater than e\'<M' during 19H9, the 
possihle threat of glohal warming was highly 
puhlici/ed in the wake of a summer 19H8 drought, 
and an NSI-Vsponsored repon highlighted the 
ongoing loss of hiological diversity in forests and 
wetlands. 

These are some of the* many phenomena 
investigated hy the scientific community, with NSF- 
help. Funding two-thirds of all hasic research in 
atmospheric, ocean, and earth sciences at T.S, 



Ocean research- 
€me of the many 
geoscience areas 
supported by NSF 
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TOGA project: 
Invesiigaiing bow the 
tropical Pacific Ocean 
injtiiences global climate. 
Both the thermistor 
chain and the expendable 
bathy thermograph (XBT) 
profile water temperature. 



universities, the Foundilion supports such eft'ons 
as Greenland ice core drilling that can potentially 
predict future climate changes, analyses of ocean 
currents and their effect on weather patterns ai^ound 
the globe, and long-tenii ecological research at sites 
ranging from Arctic tundra to tropical forests. With 
the wealth of data collected, researchers are gaining 
more predictive power, increasing their ability to 
model future climate conditions and their impact on 
the planet. Such research is paramount for hoth 
understanding and protecting our environment. 

NSl Vsupported research projects in global 
change have these main objectives: 

• lb advance knowledge of the earth's upper and 
lower atmosphere, including its chicmistrv' and 
general circulation. 

• W) improve know ledge of the physical, chemical, 
geological, and biological processes in the world's 
ocean and at its interlace with the atmosphere, the 
shoreline, the sea floor, and the earth s crust beneath, 

• To improve understanding ( >! the eailh-system 
cycling of the key nutrient elements — carbon, nitro- 
gen, oxygen, sulfur, and phosphorus, 

• To advance know ledge of ecosystems and their 
dynamics, through belter understanding of inlernal 



cycles and inter-tictions among terrestrial, fresh- 
water, and marine biota. 

• To encounige. in the Antarctic and the Arctic. 
multidi.sciplinaiy research that explains regional and 
global climate phenomena.' 

• To provide further insights into the physical, 
chemical, and geological characteristics and proc- 
es,ses that produce such features as hydrocarbon and 
ore deposits and such catacly,smic events as earth- 
(|uakes, volcanic eaiptions. and land,slides, 

WOCE, TOGA: Two Global Change Projects 

These goals lie at the heart of an extniordinaiy 
etlort to study global change, an effort spearheaded 
by NSI- along with several other federal agencies. 
Among the research projects is the World Ocean 
(Circulation Experiment (WOCT!), which has been 
planned ,since the mid l9H()'s and fonnally begins in 
V)^){). Ke.seaichers from the I 'nited States and at least 
20 other countries w ill examine the patterns of ocean 
c urrenis and their effect on how the oceans abMub 
Ileal and store ga,ses. 



SiH- .ilso I li.ipU l I tor (list ussH >n ( >l \s| s \ \ , t in m jmnt iii, 
;iiul lu'.tlth intli,iti\i' in Vnt.ih tu j 
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Comhining obscivations from satellites, ships, 
and instalments that drift in the water or are fixed to 
stationaiy moorings, WOCF. will help gather the data 
needeel to huild reliable computer models of such 
processes as the accumulation of carbon dioxide in 
the atmosphere and ocean. In addition to providing 
new data and fertile ground for new theories, state- 
of-the-ail instruments developed through WOCK will 
help generate a network of monitoring systems for 
future international experiments. 

Another program, known as TOGA (Tropical 
Ocean/Global Atmosphere), focuses on ocean 
phenomena in the tropical Pacific that influence 
global climate conditions. Coordinated by NSF and 
three other federal agencies.- this decade-long 
international study began in 19HS. TOGA comes a! a 
time when the tropical Pacific has emerged as a 
profound influence on climate and global weather 
patterns — ranging from monsoon variability in Asia 
and Africa to droughts in Africa and South America. 
T(3GA researchers ha\ e already offered a possible 
explanation for the summer 19HS drought that 
devastated crops in the T.S. midwest. 

/:"/ A/;/r) cDul La Mua. The drougl it's chief sources, 
some researchers ha\ e proposed, were naturally- 
occurring climatic forces in the lro| al Pacific 
Ocean, rather than global warming caused by 
atmospheric pollutants. I'hese same forces may also 
account for the 19HS record floods that killed more 
than a thousand people in Bangladesh. Researchers 
haw found that the tropical Pacific is the source of 
two turbulent global weather phenomena: PI Nino, a 
system that iranspoits wami water and wind from the 
western Pacific, and i's connterpail. La Nina, which 
brings unusually low temperatures to the eastern 
Pacific. The two phenomena are the chief compo- 
nents of a giant weather system known . s the 
Southern Oscillation, w hich links the ocean and 
atmosphere in the Pacific. 

The system is part of a giant heal pump, taking 
energy from (he e(|ualor and distributing it lo higher 
latilucles through sioniis oxer the warm western 

IVp.irtmonl t>f IVft*nsi», Xaliondl OaMnic iUui AlmospluTic 
Adminislmlion (\C)AA), niui WUion.il Aeronautics ,iiui 
Sp,ia* AdminislnUi(>n (NASA) 



Pacific. La Nina, researchers believe, exaggerates the 
normal functioning of the Southern O.scillation, 
creating extremes in weather. Stronger than usual 
easterly trade winds that occur during a La Nina 
episode cau.se the eastern Pacific off South America 
to be colder and ocean temperatures in the western 
equatorial Pacific to be warmer than nonnal. As a 
result. in\'e.stigators have propo.sed. coastal de.seits in 
Peai and Chile became drier than usual and floods 
occurred near the equator during 19HS. 

According to Kevin Treuherth. chief of climate 
analysis at the NSF-suppoited National Center for 
Atmospheric Research in Boulder. Colorado. La NiAa 
also may have contributed to the 19H8 summer 
drought in the midwest. When the cold fronts of La 
Nina cro.s.sed the path of an unusually warm patch of 
water near Hawaii, the interaction of the two weather 
patterns may have had dramatic coasequences; The 
usual pattem of storms that bring rain to the midwe.st 
was pushed hundreds of miles noith. leaving faims 
and prairies lo siz/le without the relief of rain during 
the .summer of 19HH. 

( arbon Fluxes Increase 

Yet another type of pattern underscores the link 
between the atmosphere and the oceans. Although 
scienli.sts have confinned that burning oil and other 
fossil fuels, along with the de.siruclion of forests, has 
increa.sed the amount of carbon dioxide in the 
atmosphere — causing less energy lo radiate into 
space and more back toward eailh — much remains 
lo be learned about the remcn al of excess carbon 
from the atmosphere. For example, a group of one- 
celled organisms on the ocean surface may exeit a 
more powerful influence on the carbon cycle than 
human acti\ ity does. 

With the annual spring bloom of algae and 
other pinioplanklon. carbon dioxide is absorbed 
from the atmosphere as these organisms undergo 
photc^synthesis. (he energy-producing process on 
which they thrive. Afler the bloom, the plant cells 
that ha\ en't been eaten by precLitors succumb lo the 
dw indling sunlight and reduced nutrients on the 
ocean surface, sinking to the bott<)m and taking with 
ihcni large amounts of carbon. The leccs of marine 
[iLint eaters also contain cdibon and sink to the 
boiioni as well. 
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Simply put, ocean scclinKMils aiv a giant store- 
house for the world s carbon mkI changes in the 
annual bloom and later decline of phytoplankton 
that contribute to this deposition (;f sediments might 
profoundly aft'ect the world's climate by slowing or 
increasing the removal of carbon from the atmos- 
phere. Such phenomena offer a paiticularly striking 
example of what scientists call a biogeochemical 
cycle — the sequence of events involving the move- 
ment of chemical elements, such as carbon, through 
the atmosphere, the land, the oceans, and their 
sediments. 

The.se and related .studies are the focus of llie 
Joint Global Ocean Flux .Study, an NSF-sponsored 
international research project that has repoited 
preliminaiy results of a pi\o[ study. For eight months 
during the winter, spring, and .summer of 1989, 
teams of re.searchers from the United States, Great 
Britain, Holland, Germany, and Canada converged 
on a region of the Noith Atlantic Ocean 600 miles off 
the Azores to study the annual cycle of marine 
plants. Winters in the North Atlantic are frigid and 
the winds are merciless, but the processes heralding 
the spring bloom of marine plants are simplest to 
understand there. The .stage is set during the.^^e 
coldest months, when the surface v/ater temperature 
matches ihe normally colder layers of the ocean 



below. Water layers of ecjual temperature mix easily, 
and nutrients hidden below ri.se to the .surface. In 
.spring, the winds abate, the .sun's rays intensify, and 
the ".seeds ' of the ocean — diatoms and other single- 
celled plant.s — reproduce and bloom, tingeing the 
blue of the winter waters with specks of green. 

Using .ships, satellites, and aircraft to monitor the 
.spring bloom — along with both moored and drifting 
iastainients to measure the amount and rate of 
sediment accumulated as the phytoplankton died — 
.scientists found some suiprising results in prelimi- 
naiy experiments. The NcMth Atlantic bloom lasted 
longer than expected, and it appeared to be driven 
by .several varieties of single-celled plants, according 
to biologi.st Hiifih \V. DuckloivM the University of 
Maiyland's Horn Point Knvironmental Laboratories. 
Investigators found that diatoms (ph>loplankton thai 
thrive on silica) led the bloom's beginning in late 
winter, and the .scienti.sts succeeded in measuring 
rates of photosynthesis as it occurred — a challenging 
feat in open waters. 

Atmospheric Research Projects 

At the National Q.'nter for Atmospheric Research 
(NCAR). scientists have been using coupled global 
models of the atmosphere and oceans to investigate 
climate change due to increa.sed carbon dioxide 
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Spring bloom. Satellite 
images measure seasonal 



changes in phytoplankton 
growth in the North 
Atlantic. Red and orange 
indicate high concentra- 
tions, yellow and green 
represent moderate levels. 
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coiuvnlralion. In using nioiv realistic (Kvan nioclcls. 
ihcy have toiinti thai ihc regional [xillerns ofcliniale 
change are much more complex than previously 
ihoughl. For example, ihey note thai the Nonh 
Atlantic and Noith Pacific Oceans can cool and the 
continents can warm — a scenario not unlike the 
climate change patterns presently oKserved. 'I'hus. 
the simple picture ot'glohal warming evident in 
earlier studies may he tai* thmi correct. Obviously, 
NSF-suppoited researchers must continue to work 
toward more nMlistic and more interdisciplinaiy 
climate models. 

The Glohal Tropospheric Chemist ly program 
(GTCP) is a high priority under the NSI- Glohal 
Geosciences Initiative started in FT 19H7. An imme- 
diate goal of this program istheeHbn to measure, 
understand, and predict changes over the next 
centuiy in the chemistr>- of the glohal atmosphere, 
w ith particular emphasis on changes affecting the 
oxidizing capacity and radiative propeities of the 
atmosphere and the hiogeochemieal cycles of 
elements througii the atmosphere. 

Recent GTCV research has led to improved in- 



strumentation and models for descrihing anu study- 
ing atmospheric chemistry. Such research also has 
providcxl new insights ahout how the ehemistiy of 
the glohal atmosphere may res[iond and contrihute 
to changes in the eaitlTs climate system. A series of 
special studies in the Atlantic and I^icific, canied out 
in recent years, suggests that anthix)pogenic souret.'s 
of ivactive compounds such as the nitrogen and sul- 
fur oxides can intliience, on a hemispheric or glohal 
scale, the chemical oxidation processes through 
w hich theatmosphere cleanses itself of waste pro- 
ducts — hoth natural and human in origin. 

^*et another \SF effort in atmospheric sciences 
is the GFDAR program (Coupling, Flnergetics, and 
Dynamics of Atmospheric Regions). CFDAR com- 
bines ohsersations, theoiy, and modelling activities 
to link the various regions of the upper atmosphere 
(aho\e J mik's) in terms of coupling, energetics, and 
dynamics on regional and glohal scales. 

Recent (]HI)AR modelling studies have suggest- 
ed that straiospheric changes due to increases/de- 
creases in some of the greenhouse gases will have a 
major impact on the density altitude di.strihution of 



The Natioual Center for 
Atwospberic Research-site 
of global modelling effbtis 
and other SSF-suppotied 
research 
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Examples of NSF-backed 
projects in global change 
and the geosciences 



the nVcijoratniosphcric- consiiiucnls ahovc 6 miles. 
The. study ot lhis iiiipncl iniiy leiicl lo a more elel'ini- 
tivecleterminalion of (he ineielenee ol j^lohal chanj^e 
than is ohlainable 'Voni nieasureinenls ot trace gases 
at lower altitudes. (There the gases are small I raelions 
and (heir ehanges are masked In more loeali/ecl 
cffeds. ) 

Drilling into Ice; listening to Quakes 

hi other studies expeeled lo add K now ledge 
about global processes, researchers dig into the eailh 
to uncover clues to our planet's early hisioiy and 
climate. l .S.. French, and Soviet researchers, lor ex- 
ample, studied ancient gases tra[>ped in segments ol 
an Antarctic ice core. The trapped gases in (his core 
from tbeSo\ ie( V'ostok .Station prov ide a record ol 
the eauh's atmosphere troin IdO.OOO years ago and 
may yic»ld iiifornialion to dev elop models ol lulure 
climate chai^ues. 

In central C ireenlancl. NSI* su[^por(ecl research- 
ers haw launched the most ambitious I S. drilling 
efToil e\ er to recover in ice cores a history of (he 
eailh s climate spamiiiig mote than iOO.ooo yeais. 
Ice core samples collcrled from the Cireenlaiid site, 
which eventually will reach some lo.ono tcei down, 
have already rev ealed reninanis ol past volcanic 
cTuptions. [Tom the deposit ol suHates in snow 
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layers near (he surface, researchers have traced 
annual vv inter iticreases in North American and 
nonhern Furopean lossihtuel burning. 

Researchers in 19S9 brought (o 18 the nutnber 
ors(a(e-of'-the-ail .seismological systems (hat can 
listen (o the eailh's rumblings over a wide range of 
tVecjuencies. As (he major f'under of a univ ersiiy 
consortium ot seismologist.s know n as the Incorpo- 
rated Kc 'search Instiiudons ol Seismologv ( IKIS). \SI* 
sup[")orts the group's goal of establishing a network 
of 100 stations worldwide. M a network ma> 
provide new details ol the p.v.wess that triggers an 
earthc|uake. and would help to locale its e[ii( ^ nler 
and predict the intensity of atlerslKK'ks. 

W ithin hours of the San liancisco eaillujuake ot 
October P, I9W. IKIS .scientists Hew .sophisticated 
insiniments to the site; others recorded shock vv avcs 
Irom the (|uake at research stations in the w est and 
inidw cst. These sc leiitisis helped cleleniiine that the 
(|uake (w hich killed (r. injuiecl more than 2.800. and 
caused an estimaiecl S"* liillion in damage) had not 
leliev c'cl stress stoiccl in the giounci there, leav ing the 
region v ulnerable to ev en more Uf^heav al m the com- 
ing decades, but w hile short-tenii predictions ( )r 
eartlujuakc acliviiv are Mill uticcrtain. new measuring 
lechni(|ues and dev ices cati delermiiie Ihe likelihood 
that a particular section ol a lault is eailli(|uakc prone 




Ice research. 
Sleeping 
quarters 
in Summit, 
Greenland 
for scientists 
studying ice 
cores 



Frozen record. ^. 
Measurements of 
chemicals trapped 
inside Greenland ice | 
cores are revealing 
the earth's past 
history. 




E- Her, following the cicvusiaiing Armenian 
eailhquake in the tall of NSF had dispatched a 
team of scienii.sis to the Soviet Union to work with 
scientists there on gathering data that perish quickly 
in the aftermath of a cjuake. Those data may help to 
predict and locate future eaithc|uake activity. 

Polar Research 

Since the mid-19S()'.s. XSI- has led an inter- 
agency committee that directs VS. research efforts in 
the Arctic. The.se efforts, outlined in a 1 W) repoil,^ 
increasingly emphasi/e the global impact of regional 
phenomena in the Arctic. These include the efVecl of 
sea ice and seasonal snow cover on glohal radiation, 
the consec|uences of atmospheric carhon dioxide 
steered in Arctic land and waters, the effect of trans- 
ferring heal from the ocean to the atmosphere, and 
hcnv the shift in mass helwcen regional glaciers and 
ice sheets might change glohal sea levels. 

NSI'also manages all I .S. research activities in 
Antarctica, the coldest of continents. Perhaps the 
biggest and most disturbing piece of research news 
from the frozen continent during w as the severe 
o/one depletion in the Anlardic suatosi)here. 
rivalling the 'o/one hole" of I W^.' Stralospherk 
o/one protects life by absorbing hannlul ullra\ iolel 
liklialion Irom iIk sun: o/one (k-pletion allows more 
uhra\*io|el lighl lo reach eailh. 
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Four years ()rc"X|X"clilk)ns suppoiic'cl hy NS1\ 
NASA, and NOAA haw ckMiionslralccI thai iiulusiri- 
ally procliKvd dilorolluorouirhons (Cl'Cl's^ — used 
mainly in rdViguralion, aire ondiiioning, and sol- 
vents — cause the annual Aniarclic ozone hole, which 
has (icvurred each Sepieniher and Ocloher sinee the 
late 1970's. More rceenily. a reseaivh leain led hy 
Philtfy Solomon Robert Zafra, from the Stale 
University of New ^'ork at Stony Urook. pinpointed 
the process throuj^h which (:hX"s elostro>' Antarctic 
ozone. The }^roup reported it hael confirmed that a 
sinj»le chemical mechanism invok ing chlorine from 
QVCs ckmiinates the process of ozone tkpletion: 
bromine from CFC's. whit h scientists had thought 
was also important, actually plays a minor i ole. This 
work verifies i!ie hypothesis of Mario Molina, at the 
Jel Propulsion Lal )oraloiy in I^a.sadena, Clalifomia. 
that the molecule chlorine monoxide, fomied when 
chlorine destroys ozone, combines with other 
identical molecules to speed ozone depletion. 



'Arctic RcMWch of tlw IhiifcJ Sfitfc>. Fall 1 vol. 3, 
Inlcriigcncy Arctic RcscMrch Tolicy Commillcc 
in contrnsl, nn ozdiu* IkiIo thai nppiMrs iwur the Arctic region 
nenr ihv end of its winter is far smaller; only 3 percent of the 
usual ozone supply is depleted. Scientists believe the 
shallower Arctic hole occurs because the polar air mass there 
mixe* far more with the surrounding atmosphere, causing 
ozone-depleting chemical reactions to start and slop instead 
of building up coiUinuously as at the South Pole. 




Polar research 



Antarcticit'-ihe worUVs coldest 
continent and site of a broad rfwge 
of global geosclenve reseeircb (mat) 
shows three NSF stations) 





South Pacific Ocean 
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The Anl;iivlic* o/oru* liok', whic h lasts loronly 
two iiionlhs oui ot (he yuir, he^ins al an alliluclc of 
12 Diikvs and cxlencls lo 20 \u\\v> 



Rcvsc'iiivh on o/oiu* clcpk'lion is jiisi one of moiv 
than 9^ projects thai drew some fi ii) seienlisls and 
leehnieians lo the Aniarelie region in 1989. Almos- 
pherie researeh. asirononiy. hiolo^y, earth ,seiences, 
and siudies ol the nearhy oceans remain the hroad 
topics ot r.S. researeh in hoth the Antarctic and 
Arctic. During 19W, investigators in the two rej^ions 
examined the impact of oil spills on marine popula- 
tions, continued their ellorts to understand how 
nutrients sustain life in frigid waters^ and carried on 
lon^-term rcseaivh to understand natural processes 
and i^henomena in hoth polar environments. 



ProiecUve layer. 
Complex chemical 
reactions fonn and 
destroy ozone in the 
tipper atmosphere. 



Ozone Formation 
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Polar research at the AnmudsenScott South Pole Station 



(lomolius Sullivan. VsC 




Young Scholar at South Pole. Catherine Anne 
Blish participatecl in polar resectrch under 
NSP*s Young Scholars program. Its aim is to 
further an interest in science and engineering 
careers among high-potent led or high-ability 
students in secondaty schools, Blish is from 
Sandoga* CA, 



Co d crustacean. Unusually large numbers of shrimp-like krill 
thrive durittg the frigid Antarctic winter They are a major food 
source for other animal life in the region. 
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Biology*s Role 

Hiolo^ical siuJics in polar aiul oihc' cin iion 
mcnis highlight ihc rok's iluil cliwrsc org^inisins aiul 
ca)s>'sic'ms, such as loivsis. Jcscris. aiul luiulra. play 
in global clinialc anti c\()lulion. Through interna- 
tional cooperation, tor example, NSF suppon giws 
I '.S. scientists access to ecological sites in other 
regions ofthe vvorkl. And through suppon ol such 
programs as Long-Term Kcological Research (LTI-R) 
sites, hegun in 19W). the Foundation fosters stutlit s 
of coastal pollution, deforestation and tree death, 
sea-level rise, and acid rain — projects that ret|uir • 
yeais of research and follow-iip in order to measure 
ecological change. At LTHR sites, scientists study the 
effects of climate change on ecosystems, the prv)c- 
esses underlying how biological systems control the 
concentration of atmospheric gases, and the interac- 
tions of plants, animals, antl microorganisms in a 
given en\'ironment. 

During 19H9, NSF established three new LITIR 
sites. These included a rain forest in Puerto Rico: a 
New Mexico site encompassing deserts, grasslands, 
and forest; and a forest in Massachusetts. The 
I.uc|uillo FlxperiiiK'ntal Forest in Puerto Rico is the 
first tropical rain forest under the LTFR program. 
Research at this lush 2H,()()()-acre area |oc'isc\s on the 



impacts of hurricanes and other weather- related 
disasters. In addition, biologists study the way 
plants, animals, and bacteria maintain the balance of 
life in this richly pioductiw area, despite hea\\' rains 
that wash out soil nutrients. 

Scientists at the Se\ illela National Wildlife 
Refuge in New Mexico study — in a much drier 
climate — the way yearly \ ariaiions in weather affect 
deserts, grasslands, and high pihon forests. Because 
the region receives little rainfall and has poor soils, it 
is acutely .sensitive to weather change... Researchers 
plan to u.se data gathered from this huge. 2S0.0()()- 
acre region to model, by computer, ways in which 
climatic changes might alter the.se ecosystems. 

Investigators haw studied the ecology ofthe 
Harvard ^'ore.st of central Massacbusetts since 1907. 
The current NSF-supported study examines the 
forest-wide impact of trees blown down by high 
winds, such as hurricanes. By cutting trees in a 
pattern characteiistic of a major stonu. researchers 
study the processes of tiee decomposition, nutrient 
recycling, and regeneration that would be expected 
to follow a tree blowdown. Ixologists al.so examine 
the impact of fertilizer runoff and pollutants on the 
How of nutrients through this hardwood forest. 

Other ecosystem studies supported by NSF' ex- 



Lon^'Term Ecological 
Research site. 
University of New 
Mexico biologist 
James Gosz collects 
insects and small 
animals in this trap 
at the Sevilleta 
National Wildlife 
Rejitge. 
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Prairie research. Biologist Kathleen Keeler, 
from the University of Nebraska/ Lincoln, has 
studied the Konza Prairie, a Long-Term 
Ecological Research site in Kansas. 



amine specific research issues in global cliange. such 
as coniribuiions to the greenhouse effect of atmos- 
pheric wanning, caused hy the accumulation ol 
gases that trap the sun's heat. Paul Stciullcr. Richard 
liotrdoi. anclywi'.l/(V//nat the Marine Biological 
Laboratoiy in Woods Hole. Massachusetts — along 
with their C()lleagueyo/);//l/wat the Tniversity of 
New Hampshire — have reported that nitrogen 
fertilizers may add to the greenhouse effect because 
they prevent soil microbes from absorbing atmos- 
pheric methane, one of the most important green- 
house gases. The scientists found that soil bacteria 
treated with nitrogen lertili/er took up far less 
methane than untreated microbes. 

Methane, which accoimts for about one-filth of 
the greenhouse gases that trap solar heat, constantly 
accunutlates in the atmosphere from decaying \ege- 
tation in wetlands and swamps and from tennites. 
among other sources. The Woot Is I lole-\ew 
Hampshire researchers, who did their work in yet 
another Massachusetts forest, also found that 
temperate forests in the NoHhern Hemisphere may 
play a much larger role than do tropical Ibrests in 
removing methane from the air. 

Many \SI*-supported research projects in (he 
biological sciences examine the loss of biodi\ersity 
and the consenation and restoration of natural 
ecosystems, rhese studies w ere underscored by a 
task force report thai tailed on \SI* and other I S. 
institutions (o lead an international research effort lo 
save the world s ecosystems and hall rapid species 
extinctions. The report.' issued by the National 
Science Hoard (\SI' s policy-making body) and 
inlernationalh" known expcMls. highlights prof^osed 
NSI" elfoils lo c^kuale the public about the decline in 
biodiversity: it also em[*)hasi/es I he need for interna- 
tional cooperation in ihis researc h. 



"I nless the international community can reverse 
the trend." the report states, "the rate of extinction 
over the next lew decades is likely to rise to al least 
1.000 times the normal background rate of extinc- 
tion, and will ultimately result in the loss of a c|uarter 
or more oi the species on earth. " 

The report concluded that NSF should lead 
elTorts to identify and classify the world's animals, 
microbes, plants, and fungi, to understand better the 
complex ecosystems in w hich they live, and to 
expand human resources to cany out these las s. 
'I'he report also rec(;mmended more funding 
throughout the federal government to strengthen the 
scientific know le('ge that underlies research efforts, 
along with better public education about the issues. 
Schools and museums should emphasize awareness 
of biological diversity. Teaching yoimg students 
about biological and en\ ironmental subjects "is now 
as important to the national interest as early educa- 
tion in mathematics and other sciences. * the report 
noted, 

Ihuid-in-band w ith such recommendations 
comes the reali/.ition that issues of biodi\ersity and 
global change are both a scientific concern and a 
public policy issue of larMVaching importance. In 
recognition of this dual role. NSI* has launched a new 
l^rogram. Human Dimensions of Cilobal linviron- 
mcntal ( Jiange. I sing ihe insighis and perspeclive of 
social st ieniisis. this program helps ickMilily human 
and instilulional adions ihal can cause c hanges in 
our environment. Research supported by ihis 
initialive may also suggest wa\s to mock-rale and 
manage* ihe en\ ironmental (onseiiueiu es of at lions 
already taken. 

/nss ,»/ Hiohi^ndl /)!>i>rsitv .1 (,hfhfl ( ;v>/s fy\'(finnni< Inft'nui 
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Chapter J 

SPECIAL FOCUS: EDUCATION AND OUTREACH 



Bear in mind that the womierful things 
you learn in ytmr schools are the work 
€>f many generations...Ml this is fiut 
into your hands as your inheritance in 
order thatyo*' may receive it, honor it, 
add to it, and owe* day faithfully hand it 
on to your children. 
Alhcrl Kinslcin in a Uilh lo school t hlhimi 



F 

X-Jclucalinj^ holli siudcnis arul (he };»cncral 
public al)()u( science aiul engineering is one of" the 
I'oiinclalion's cliiet inissions. riirou^h a hroaci 
ran^e ot eclucalion programs-some of (hem high- 
ligh(ecl in (his chap(er-NSl' works (o sireng(hen (he 
c|iiah(y. di\ ersi(y. and niimher of r.S. scien(is(s and 
engineers. The l'oiincla(ion also aims (o improw 
(he ()\ erall c|uali(y of science and math education 
tor (ill l\S. s(uden(s. And, through its outreach 
eftons. (he l-oundation s(ri\es to inform the puhlic 
ahou( science and (echnology in our increasingly 
complex age. 

Facing Education Issues 

Ius( one week af(er (he National Research 
Council issueel an NSF-funded repor(' calling for a 
C()mplj(e o\'erhaul of l .S. math education (see 
"Madi l ocus" helow ). another study highliglKed 
problems in hoth math and science skills. An 
in(erna(ional comparison of those skills showed 
(ha( American 1. -^-year-olds scored far worse (han 
their Soudi Korean counterparts. I \S. studen(s also 
performed worse or no better (han students from 
(he (hree I-uropean coun(ries and four Canadian 
prov inces (ha( panicipated in the study. 

In ma(hema(ics. for example. i() percent of 
Soudi Korean stuclen(s showed an unders(anding of 
measuremen(.s and gcome(r\' concep(s. compared 
(() ius( 9 percent of the Americans, hi science, niore 
than percent of ihe Soudi Korean stuck*nts could 
use scien(ific methods lo analy/e seience da(a. in- 
cluding designing experiments and draw ing ron- 
c lusions. but only K) percenl of die American 
s(udents had these skills, according to die study, 
w hic h was co -funded by NSl' and (he DepcUlmenl 
of I'cluc atioii ai.cl adiiiinisU'red by die l".cluc a(ional 
Testing .Sc'r\ ic e/' 

I wnluulv { ntiK/y l')S'>, \ llion.il KrM'.lu h ( Mjirv 1 
.1 \\i,rLh,/'l>i//irt'fin: r)S') 
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Persistence of VS. student interest in 
natural science (NS) ami engineering (E) 
from high scljool (HS) through Ph.D. 
degree (Numbers rounded to nearest 
thousand, 1992 figure estimated) 



PERSISTENCE OF NATURAL SCIENCE AND 

ENGINEERING INTEREST FROM 
HIGH SCHOOL THROUGH PH.D. DEGREE 

(The Pipeline) 




All H.S. 
Sophomores 



H.S. Sophomores. NS&E Interest 



H.S. Seniors, NS&E Interest 



College Freshmen, NS&E Intentions 



Baccalaureate Degrees in NS&E 



Graduate Students in NS&E 



Masters Degrees in NS&t 



Ph.D. Degrees in NS&E 




1977 
4,000,000 

1977 
730,000 

1979 
590,000 

1980 
340,000 

1984 
206.000 

1984 
61,000 

1986 
46,000 

1992 
10,000 



Anolha* coiucrn, this liiiic al \Uc uniwrsiiy 
Icvul, is llic" ^///^n/^//)'()r^mcliiatc's in scicrux' aiul 
cn^iiuvrinj^. An annual \SF suitl-v' lounel that 
U.S. uniwrsiiics awarck'cl a record 20. 25*^ doc tor- 
ales in scic'iuv and engincvring during I9S8. 
However, that nuniher ivlleels only a small il 
peivenl) increa^j in I .S. eili/./ns earning doctor- 
ates, compared to a 9 percent rise lor foreigners. 
Moreover, an iinprecedenlerJ 1.^ percent jump in 
engineering degrees w as primarily f ueled hy 
foreign citizens, who accoiinted lor ^ i percent ol 
those doctorates. 

Although scientists and engineers comprise 
only I percent ol the I .S. woiklorce. they contrib- 
ute enormously to our nation s strength. \ itality, 
and economic compelitiveness. Thus our nation 
continues to lace the challenge ol attracting more 
r.S. students to science and engineering. 

I'inally. in an inc reasingly tec hnologic al 
society, the scientilic literac y of the general popula- 
tion is important to ensure necessary joh skills and 
coHiinued support lor scientilic research. I iiciacA 
and public attitudes toward sc icMice and lec hiiology 
are monilored in the National Sc ieiicc Hoard s 
series ol reports. Science and /ui^iiifU'i'fvi^n hulicd 



Uus. Recent data Iroin that series show that, al- 
though a significant number of Americ ans belie\'e 
that the world is better off becau.se of science, 
many still believe that the sun circles the earth (21 
percent) and that luinians li\ed at the time ol the 
dinosaurs (.i"* percent). Hy compari.son, signifi- 
cantly higher percentages of citizens from 12 
luiropcMii communities were belter informed on 
those topics. 

One Response: Project 2061 

Several of the nation s largest scientific organi- 
zations ha\ e un\ eilecl a sweeping project to re- 
vamp school c urricula. The goal ol this project is 
to ov ercome serious detu ..'ncies in the science and 
mathematics skills of I '.S, students. Supported by 
NSI* and sev eral priv ate and government groups 
and coordinated by the American Association lor 
the Advancement of Science. Project 20()l began in 

the last lime llalley's comel approached the 
earth, and is named lor (he vcar in vv liic h the comet 
vv ill return. 

N^/ surt a ft/' / (Ouctn ftii fafttU'^. \s| Si u-tu r Kr^ uiim-s 
suhIu-v Iwss 

4 
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The plan oulliiiccl In I'rojcti 20()l clilTcrs Ire mi 
[iiVK ions aiic'iii[Ms [() ackhvss school syslc'in proh- 
k'ms In simply ivw riling icxlhooks or lraininj» 
l(.\K hers, such as ott urrcJ alter the 195*7 launch of 
ihc Soviet satellite Sfjutnik. Instead, the project 
seeks to cle\ el()p a new approach to teaching, 
inclueling the [')ossihility of eliniinating regular 
subjects and ending standardized tests. Teachers 
would guiele students through projects that include 
not only science and niathematics. hut relateel 
aspects ol literature, econoniics. and history. 

I nder Phase I of Project 2001. scientists spent 
lour years w riting a detailed outline on the kind ot 
knowledge ahout science and nature that a student 
should have hy the eiul ol high school.* Research- 
ers announced in i9H9 the beginning of a second 
four-year phase of the project, in which teams of 
teachers from 12 school districts in 5 states are 
outlining new curricula, tests, and student sched- 
ules. Tneler Phase III. to begin in 1993. scientific 
societies anel eelucalional organizations will begin a 
nationw ide effort to make the 'ucational blue- 
prints de\ elopeel in Phase II part of the backbone 
of I *.S. school systems. 

Math Focus 

The year 19W also saw major efforts to focus 
on mathematics anel to re\ ise the way this subject is 
taught. Working through two mathematics panels 
ol the National Research Council (the research arm 
of the National Ac ademy of Sciences), more than 70 
etiucalional organizations recommeneled less rote 
learning and a stronger emphasis on problem 
soK ing and understanding lunelamcntal concepts, 
as well as more use of c alculators and tompnlers. 

Dovetailing with this ambitious initiative, the 
National (.outicil of Teat heis of .\Iathemati( s 
pr()\ ided a detailed set of teai hing standards lor 
the profiosed new t urrit ulum. and a rcfioit by the 
.Malliemalit al Sc ienc es educational board spelled 
oul suggested course rev isions. 

The ( urrent reforms allow and encourage 
sc hools to ba\ c* great llexibilily in designing 
programs. .Moreover, much ol the new a[')[)roach 




Qiiantum leap. The first issue of Quantum^ 
a magazine for high school students in 
science and mathematics 



lor tlu' Aih.itu rtiKiil ot k-iu k- 



was w ritten by and in consultation with math 
teachers w ho experience daily the travails and 
triumphs of reaching out to .students. 

NSF Responses: PrecoUege Activities 

New Children's Magazine* High school 
students interested in scien e and mathematics 
now ha\'e their own magazine. Qucnitum, pub- 
lished by the National Science Teachers Association 
w ith funding from NSI- Modelled after a popular 
Soviet science magazine that features physics and 
mathematics articles and many problem-solving 
ac1i\ ities for teenagers. QiuDitum is intended to 
attrac t students to science careers by sparking their 
natural c uriosiiy and taf^ping their creati\ e thinking. 
I'.clilors from the So\ iet magazine contribute 
translated artic les and original illustrations so that 
I S, siudents can Lccrn about research in the Soviet 
I nion. The magazine's first issue appeared in late 
I9W. 

Chemicals in the Classroom* \ U )w w ( )ulcl 

you demonstrate the concept of one part per 
ion? Ne\er mind the chalkboard. At the 
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Tniversiiy of California at Berkeley's Lawrence Hall 
of Science, ihey use Ibotl coloring, water, and a 
medicine dropper. Youngsters from nearby middle 
schools add 10 drops of a wateiy solution of I'ockI 
coloring into the first paper cup. Into the second 
cup goes one drop of food cokiring from the first 
cup and nine drops of pure water — already a 1 in 
10 dilution. FAvntually. the students achieve for 
themselves a one part per million concentration of 
the fc^od dye. 

This activity is an example of the Chemical 
Fxlucation for Public l^nderstanding Program 
operated at the university. The program, which 
receives NSF support, also involves development of 
middle school curriculum modules that include 
hands-on chemical analyses and exercises in risk 
assessment. 

Escalante's Work Expands. NSI is sup- 
porting a project to expand the pioneering work of 
high school math teacher Jaime Hscalante, who mo- 
tivates inner-city minority students to iKvome in- 
volved in science and mathematics. Kscalante s 
highly successful calculus program at Garfield High 
School in east Los Angeles has won national ac- 
claim and was the subject of Stand apid DoliiX'K a 
198H feature film. The new three-year award from 
the Foundation builds upon the calculus activity to 
include additional mathematics programs. 

This project also enables llscalante lo be a role 
model for other teachers in physics, chemistry, and 
computer science. I inder the direction of L.scalante 
and five other instructors whom he has trained. 
27 teachers will receive special instruc tion at Los 
Angeles Comnnmity College during summers, after 
school, and on weekends. Some 700 middle and 
senior high school students will benefit from classes 
taught by these teac hers, and they will eani aca- 
demic credit for their participation. 

Detroit Youngsters Prepare for Careers. 
Since 1976. a coalition of Detroit-area public 
schoc^ls, local businesses, parents, community 
groups, and uni\'ersities has worked to ensure thai 
minority students who show a spec ial interest and 
ability in math and science receive the training, 
guidance, and support they ncc cl to succeed in 
college-level engineering studies. Through spec.ai 
courses that bolster their understanding of basic 



( luislc'low 

learning activity. 
At the Lawrence 
Hall of Science, 
students leant 
about chemistry 
through the 
Chemical Education 
for Public Under- 
standitig Program. 




Master teacher, Jaime Escalante motivates Los 
Angeles high school students to leant mathematics. 
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iiuilli and sc icMKc coiicvpls. ;'^ki-scli()()l (uloriilg, a 
iiK'iilor program thai draws coniiiuiniiy luidcrs into 
iIk- sc hool syslciii, and a suiiiiikt joh program tor 
seniors, sonic 1,800 niiddk' and lii^li sc hool 
sludcnls learn ahoul engineering holh as a course 
orslucly and as a career. 

Another key element of the program, known 
as the Detroit Area Pre-Ciollege Kngineering 
Program (DAPCHIM, is the Parents Advisory 
Cioiumittee. This group ofNolunteer parents met 
eve!y Wednesday evening and Saturday morning 
for ri\e months to develop a proposal for NSF 
funding. The S62 1,000 grant that NSF awarded in 
19SS, the largest in DAPCKP's history, has helped 
develop a middle school curriculum guide and 
related videotapes, along with mathematics materi- 
als that supplement standard coinses for eighth and 
ninth graders. The materials help the students to 
close knowledge gaps critical lor success in al- 
gehra. An additional NSl' grant helped produce 
v ideotapes that feature master teachers presenting 
key conce pts in mathematics. 

The numhers speak well of DAPCJ-P's success. 
More than 12M of the program's students have 
gnicluatecl college, and 12 haw pursued post- 
graduate study. More than S70 students has e 



Nicholas Wilhulm 



DetroWs pre-college 
program: fostering 
interest in engineering 
careers. Here a middle 
^school studetit works on 
a science fair project. 




enrolled in colk'j^c*. "^0 pcivcnl ofllK'ni in science, 
malhenialies, or coj^incvring i^roj^ranis. And a I W« 
ivporl iVoni llie T.S. IX'parinieni i)l i:(.kKiilion uied 
DAPCHP as dne oI iIk' most elleeliw piv-eollr-^^e 
education proj^rams in the eouniiy. 

Eyes on Arkansas. NSF awarded die stale of 
Arkansas a $1 million grant to upj^rade llie way 
niathematies istauj^lit and learned in grades two 
through six ol the state's public scliools. Sj^onsored 
jointly hy the Arkansas governor s olliceand the 
University of Arkansas at Little Rock, the undertak- 
ing, known as Project MAST (Mathematics and 
Seiencc Together), aims to enhance stuck-nts 
unek-rstandingof die w ays that science studies 
relate to mathematics. 

I'nder Project MAST. 120 elementary school 
teachers attend summer training institutes that 
stress technie|ues for integrating math and science 
courses rather than teaching theni as separate, 
unrelated suhjec ^s, 

This project hegan as a |^ri\ ately I'unck'el, four- 
year program lor gifted students in three school 
districts in and around Little Rock, Thanks to the 
NSF grant, the program is expaneling o\er a foui- 
year period to IS Arkansas scliool districts, w iih a 
special locus on s|*)arking the interest of siuck'nts 
who are minority or female. These two groups will 
make up an estimated S5 percent of entrants into 
the workforce hy the \ear 2()()(). yet they often sUyp 
studyin:^ math and >cieiice long Ix'fore care-er 
choices are made. 

University-^Level Activities 

An Experinf^nt in Engineering din^icu- 

lUfPi* With the supf^ort of \SI*, Drexel I ni\ ersity 
and eight other uniwrsities ha\'e hciome pari of an 
experiment dial promises to improve signif ic antly 
the (|nality » if eduealion lor undergraduate engi- 
neering majors. The ex|XMimcnt irnoKes rev ising 
the standard courses taken In eiigineering students 
during their hrst two years of sUidy. lo show moie 
clearly the w ay tlillerent tlisci|')lities of .s( icnce 
relate to engineering. 'I he goal, accoi cling lo 
Drexel officials, is "integrating ihe leaching of 
engineering fundamentals w iih math, hasic m i 
ences. engineering s< ieiu es. and lah work, ' 

faculty niemhers tie logelher suhjecls sue h as 



physics. calci»lus, materials research, circuit theoi-^'. 
and cheriiistry rather than treating them as ,sc'|*)arate 
eiitities. In ihe process of \ iewing a \ ariety of 
courses in relation to engineering, students gain 
insight into how engineering suhfields fit to make 
up the field as a w hole. Others taking part in this 
l^oject are Texas AtS:M, Purdue, the I 'niN'ersity of 
Michigan, Ml'f, the Tniversity of Pennsylvania. 
W est \ irginia rni\ ersity. the I 'niversity of Texas, 
and California Polytechnic State Tniwrsity, along 
w ith the American Society of Mechanical Hngineers, 

Undergraduate Research Opportunities. 
[lands-on particifxition in research supi^orted hy 
\S(' has increasingly hecome an integral part of the 
undergraduate experience in such fields as [ihysics. 
astronomy, hiology, chemistry, and engineering, 
Su|xr\ ised research intrcKluces college students to 
the world that lies ahead and gi\ es them the 
chance to learn one-on-one from a faculty mentor. 
And a little experience can go a long way. noted 
one undergraduate w ho spent a recent summer 
working at Indiaiia I niwrsity s cyclotron, "My 
\ iew of |')hysics and the world has widened .so very 
much. ' the I niwrsity of Chicago student w rote. 
"My life has truly been altered. I know now w hat I 
ha\ e to learii for graduate school and what I can 
ex|xrt there. L\e seen what research is.... " 

Training Across Boundaries. Lhe hiologi- 
eal. heha\ ioral. and social .sciences ha\e undergone 
great changes in a|')proacli ami research methods 
during the past decade. Increasingly, frontier 
research in these fields overlaps w ith other clisci- 
[liines such as engineering, i^hysics. chemi.siry, or 
computer .science. An NSP [program hegun in 19W 
ivcogni/es those changes hy encouiagiiig scientists 
at Ph. I). 'granting insiiuilions lo cle\ ise new or 
enhanced training |')rograms for students in lhe 
hiological. heha\i()ral. and social sciences. In 
applying for funds from the program, know n as tin* 
Research Training Clroup aw ards, uniwrsities musi 
pro|'){)se projects thai stress multitlisci|')linary 
research training, l he gcnil is id ensure thai new 
generations of researt hers — undergraclualcvs, 
giiuluale suideiils. posldoctoraK — can skillfully 
appK a \ariely ol ajipioai lies iv) research prohlems 
(hat iiu reasingly c ross natliiional at .uk'mic 
lH)uruL?ries. 
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MinorUy scbolafs. 
At Jackson State 
University, ^SF 
supports student 
research in the 
ocean sciences 
through its Re- 
search Careers 
for Minority 
Scholars progratn. 




These two electiical 
engineering students 
(seatett) and their 
professor (standing) are 
at Texas A6fM lJ9iive9*sity* 
They are sttuiying under 
NSFs Research Careers 
for Minority Scholtirs 
progranu 




Minority Scholars, Minoriiy groups aiv 
unckMTcpivscMilc'cl ainonj^ iIk* ranks ol scicnlisls and 
enj^inccMs. and NSF has y nunilx r ol pioj.'. rains U) 
address this ck'lkil. One ol ihcni assists 10 colleges 
and uniwrsitics in enriching aeadeniie and research 
opportunities for minority undergraduate and 
graduate students. The program. Research Careers 
for Minoriiy Scholars, empliasi/es innovative 
projects that can significantly increase the chance 
of minority students pursuing science ind engi- 
neering research. 

A grant to Jackson State Tniversity in Mi.ssi.s- 
sippi, one of the few historically hiack universities 
that has an environmental and marine sciences 
program, emphasizes research opportunities in the 
ocean sciences. The Jackson State project involves 
off-eampus research during the summer, uaining in 
technical w riling, and courses that focus on inde- 
pendent study and an introduction to research and 
how it is done. 

An award to Clark College/Atlanta I'niversily 
estahlished a program to increase the numher of 
niiriorities who wish to pursue a doctoral degree in 
tlie geost iences. Acti\'ities include a precollege 
summer workshop, four-year scholarships for six 
freshmen, and a revi.sed curriculum that includes 
researt h opportunities. 



Minorities who recei\ e a doc torate in the hio- 
logical, heha\ i()ral. or social sc ienc es may get 
further help from a new fellow ship program for 
minority postdocloral students, The three-Near 
fellowships, w hich carry an annual stipend plus 
possible funding later forslarl-up research, are 
aw arded to I S. citi/ens in minority groups that are 
unclerrepresentccl in the biological hehaN ioral 
soc ial .sc ieni c's. Students may conduct their work 
at any I '.S. academic or nonprofit insiitution. 
inc hiding go\ ernmcni Lihoiatories and pri\ alely 
sponsored inslitules. 



Supi ilemcnial giants lo ihree NSl- suppoilcil 
Materials Kesearch kahoralorics ( MId.s ) at \\k 
I niNcrsity of Pennsv Kania. ( iornelt 1 ni\ersiiv. and 
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Other Educational Activities Supported by NSF 



Norllnvcstcrn I niwrsily c*nal)k"cl niinorily 
undcrgradiuUc's lo coiuliu l ivscaicli :\\ iIk'sl* 
centers duriii}.'. )9H0 — ihc lirsl liino MRI.s haw had 
sut h a program. 

reUowships. Hk* WoiiK'n in Ilngincvriiig 
Awards represent a new component ol" NSl-'s 
Graduate Research Fellowship i'ro}.;rani. rhese 
awards, announced in the tall ol are design'-d 
to encourage women lo enler or continue careers 
in engineering. 

The HO awards are part of approximately 1,050 
total new graduate fellowships tor advanced study 
that will he announced in the spring of 1990. In- 
cluded ari^ dSO NSF Graduate Fellowships, 150 NSF 
Minority Graduate Fellowships, and approximately 
50 NATO P- tdoctoral Fellowships ( tor Lidvanced 
study outside ihe I nitdj States • a NA'IX) member 
country ). 



ci. Moblcy. C. 19H8, National Ocographic Society 




Sctem e hroaik ast. 
Students in satellite- 
linked science nniseiims 
were able to talk with 
scientists while viewing 
TV inuiges transmitted 
from an underwater 
robot, Mapine geologist 
Robert Bidlard is seen 
here inspecting the TV 
images. 



On the road. In this van, Pennsylvania's 
Jtiniata College transports a teacher and a 
classroom of chemical etjuipment to 25 area 
high schools. As a result, both teachers and 
students gain hands-on experience. 




Chemistty researchers. The 
American Chemistry Society*s 
Project Seed offered these 
minority students in Afnntana a 
summer of directed research. 



ERIC 



52 




iiiaying Uiformed. Vmlergradnate faculty enhancement grants keel} 
teachtngfaculty tnfovmeti of new ilevelopments in their fields. 
Clemson University engineer Vera Anand, shown here, presented 
a computer graphics workshop under one of these grants. 



Presidential Youttg Investigators (PYVs). Mathemati- 
cian Rodrigo Banuelos (above) studies Brownian 
motion at Purdue University, Oceanographer Cengiz 
EHekin (center) and 1988 PYI Anthony Kuh (lefi) 
are at the University of Hawaii in Manoa, PYI grants 
help universities attract and retain promising young 
researchers. 





Career advancement award, Susan 
DeMesquita at Marshall University in 
West Virginia studies a neurotransmit^ 
ter in rats. Her NSF award comes 
under a program to e,xpand reseat ch 
opportunities fi^r female scientists and 
engineers. 
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Education and Outreach to the Public 

National Science and Technology^ Week, 

Begun in this \SI- cvcnl is hckl each April to 
give people throughout the nation a sense of the 
excitement c^f science and technology. Through 
this project. NSF— aided by several industry 
donors — works to promote the general public's 
interest in science, math, and engineering, and to 
encourage young people lo pursue S&T careers. 
The Week seives as a vehicle tv) mol)ili/.e a wide 
range of activities by local school systems, busi- 
nesses, universities, and educational organizations 
as well as students, their familir s. and their teachers. 



\ h\Sih Moore tS, Associalcs 




NFfflONflL 

Sg€NQ6 

T6CHN0L0GV 

UU66K W 

IVRIL 23-29 



Sponsored by National Science Foundation 
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logo for National 
Science and 
Technology^ Week 



Art of Science. This was one of 50 finalists 
in the 1989 Art of Science competition, held 
dating National Stience and Technology 
Week. The artwork— entitled "What Does it 
Atatter?"~depicts miclear fusion and the 
splitting of atoms. The artist is Robert 
Hogansjr.sfrom Benjamin Banneker 
Senior High School in Washingtott, DXl 
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Musettms Plan S&T Exhibits, l-i^lii I S. 
sc ic'iKc nuiscHuns div pari ol a llirc^'-ycMr \S|- 
[irojcci lo dev elop ^.'xliihiis on aiul leclinol- 

o^\ iIk'mk's. I'Ik* ^raiil, coorclinaiecl hy the Oregon 
Museum of Science and ln<.lusliy in PorlLuuL helps 
ea^^'li museum create pernuuu'nl ^.lisplays as well as 
wrsions thai will lour the oilier seven siles. 
Planned (.'xliihilion lliemes inckKle: 

• Bug's-Mye \'i^.'\\ ol lhe Ilin ironnieni-An 
illuslralion ol lhe way insecls perceive anti (.leal 

w ilh ihe uorki around ihem, (Oregon Museum of 
Science and Indushy, Porlland) 

• TIk' Se^^ rel llouse-An tulaplion ol a book of 
ihe same lille hy |)a\ iti Hodanis, ihis (.lisplay illumi- 
nates ihe e\ ery(.lay role ol chemisliy, as experi- 
enced in ihe lamiliar em ironmenl of ihe house. 
(lmpr<.'ssion 5 Museum, Lansing, Michigan) 

• Xalural hispiralions-Technologies. inven- 
lions, aiul designs inspir^^'^^l In natural objects and 
plu'nomena-e.g,, the laslening nialerial Velcro, 
whose iin enlor gol ihe idea Irom a burr stuck in 
his sock. (Science Museum of Charlotte. North 
(Carolina ), 




Outreach to the States 

EPSCoR. SiiKv l^^'H, NSI' s i:\|XTiiiicnlal Pro- 
grain to Sliniulalc Cloiiipe'liliw Ke'se'arc li (llPSCoK) 
has involved 16 Males and Puerto Rico in a program 
designed lo broaden the geographic* base lor 
scieneeand leelinology. This \vill he done hy 
expanding the numher of regional sc ienlisls and 
engineers who ean compete sueeessfLilly tor federal 
grants, and fostering long-term impro\ ements in 
research and education in targeted regions of the 
counliy. The four newest grants went to the states 
of Idaho. Louisiana. Mississippi, and South Dakota. 

The thice-year grants lo the four new staters 
aim lo strengthen academic science departments 
md support the research of indi\'idual scientists 
and engineers. The NSI- awards are complemented 
hy slate, local, and private funds totalling S32 
million. 

Recent grants to Oklahoma and Kentucky 
highlight ways that l-PSCioR stimulates and sustains 
research efforts in the states. When Kentucky 
received an KPSCoR award in 1986. its uni\ ersities 
ranked among the staters in the amount of 
federal R&D funds given to re.search institutions. 
During Kentucky's first ihrcv years of participation 
KPSCoK has .supported l^ifiiculty. I t post-doc toral 
students, and 1 13 graduate and undergraduate 
.students in studies ranging from astrophysics to 
microeconomics. A project at Western Kentucky 
Tniversiiy included an innov ative mentoring 
program that links faculty at the state s regional 
univtM'.sities with professors at Kentucky's iwo 
Ph.D. -granting institutions. 

In addition to direct funding of researc h and 
education efforts, the grant prompted KiMitucky 
Kducalional Television to produce a one-hour 
ck)cumc*ntaiT on scientific and engineering rcvsearc h 
in Kentucky. And NSP funds supported a legisla- 
tive workshop on science and technology, allendccl 
hy SS .slate legislators and several university 
presidents. 

In Oklahoma, an I'.P.SCoR grant inspired that 
.slate to make one of its largest commitments ever 
to research and economic dcvc^lopmeni. In .\lav 
I9K*; the Oklahoma Center for Ad\ anc ement of 
Science and Tec hnologv (OCAST). vvhii h is 
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modelled on I PSCoK piojec is in Arkansas and 
other states, bec ame a pennanent part ol the stale's 
ellorts to promote re.searc h and development. 
I nder OCAST. the state created centers lor indus- 
try, ac ademia. and gov ernment researchers to 
collaborate on studies in molecular medic inc. 
integrated design and manukicturing, and laser 
clev elopment and applications, 

NSFNGA Agreement A I9H9 rci-ort by the 
National Ciovernor's Association (NCiA) noted that 
state gov ernments are inc reasing their commitment 
to re.search and technology development. In con- 
junction w ith thai report, the l-ounclation an- 
nounced an initiative to increase coordination ol 
state and federal S(S:T investments, and lo inc rease 
collaboration betw een the states and NSf*. This 
initiative enables states to capitalize on NSI's re- 
\ iev\ of certain proposals. 

\ ncler an earlier agreement between NSI- and 
the NCiA, the I'ounclation prov ided information 
about highly rated Stk'\' re.search center proposals^ 
to the .slates tlirougb the NCiA. The states bad the 
opportunity to consider funding thcvse proposals, 
w hich NSI' had previously reviewed and identified 
as finalists but could not fund. As a result, seveial 
states launched new programs based on these 
proposals, 

In I9H9 NSI' expanded this initiativ e to inc lude 
inlormation on highlv rated proposals for bnginecM- 
ing Research (xMiters. another Poundation program. 
In both cases, propo.sers agree to share the infor- 
mation in\olvc'cl. 



S 'I' ■ lU'M .III h Not IS If )l Ml< Hi' nil \Sr s Inst v'U < »1 si d'lHl' 
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AWARDS AND OTHER NEWS 




Linus Pauling: 
1989 Bush Awardee 



Vannevar Bush Award 

Ufiiis Paidm^i, twice a winncM" of the Nohcl 
Prize, received the National vScience Hoard's 
Vannevar Hush Award In acknowledgment of his 
outstanding contributions to science and society. 
Pauling, a seminal I'igure in the history of* chemis- 
try, has made major contrihutions in several areas 
of scientific study, including ciystallography, 
molecular structure, molecular hiology, genetic 
disease, antibodies, macroniolecular evolution, and 
the nature of memory. 

in l Pauling was awarded the Nohel Prize 
in chemistry for his research on the nature of the 
chemical hond and its application to elucidating the 
structure of complex substances, l ie was also 
awarded the 1%2 Nohel Peace Prize for his work 
on the international control i)f nuclear weapons, 
against nuclear weapons testing, and other efforts 
to promote the cause of peace. 

Vannevar Hush, for whom this award is 
named, oN'ersaw the federal research eflorl during 
World War II and was instrumental in establishing 
the National Science I'oundation in 1950. 



Waterman Award 

liKhcmiH. SchclIcK a Slantoid l-ni\'CMsiiy 
ncuiobiologisl, ivcvivvd the National Science 
Foiinelal ion's Alan T. Waterman Award, presented 
to one outstandin}^ young scientist each year. 
Recipients receive a medal anel up to SSOO,()00 in 
research funding over a thiee-year period. Scheller 
has mastered diverse areas of modern biology, es- 
pecially molecular genetics and neurobiology, This 
knowledge has enabled him to clarify the way 
regulation of gene expression, and the selective 
action of proteins encoded by these genes, control 
cellular physiology and even give rise to simple 
forms of behavior. 

Mary L. Good, who chairs the National Science 
Board, noted that "Richard Scheller has remained at 
the frontier of modern recombinant DNA technol- 
ogy while becoming proficient in the physiological 
aspects of neurobiology. His basic studies should 
lead to a better understanding of the complex 
biological processes thai underlie major psychiatric 
illnesses," 

The Waterman Award, named in honor of 
NSF's first director, has been given annually since 
1976 to an outstanding young researcher in any 
field of science, mathematics, or engineering. 



Doug Walgrew 
Distinguished 
Public Service 
Awardee 
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Richard H. 
Scheller: 1989 
Watentmtt 
Awardee 



Jake Gam: 
Distinguished 
Public Service 
Awardee 



Distinguished Public Service Awards 

U.S. Senator y^/^cGV/r;; (R-Vtah). ranking mi- 
nority member of the Senate Appropriations Sub- 
committee on Hri)and Independent Agenc ies, 
and U.S. Representative l^ou}^ Wal^iroK D-PA). 
chairman of the Hou.sc Subcommitlee on Science, 
Research, and Tec hnology, eac li receiwd the 
Foundation's Distinguished Public Sen ice Aw ard. 
This award, which includes a gold medal and a 
citation, is given pericKlically to persons who have 
distinguislicd themselves through leadership, 
public .ser\ ic e, and dedication in suppon of 
American science, engineering, and education in 
those areas. Senator Ciarn and Congressman 
Walgren were c ited lor su.siainecl support on 
Capitol Hill of \SI' and its budget. 




Constance K. 
McLhulon: 
Director, Office 
of tt\formation 
Systems 




Presidential Awards 

hour \S1'' c'xccuii\x's iva'i\x'cl pR'sidcnlial 
Rank Awaals during V\ 19H9. They ;uv Coiistcnuv 
A', Mcl.i}uh}L clirccior, OlTicc ot Intonnaiion Sys- 
icins: f)()}ial(l Sciiich, direc tor, l)i\ ision of liuliis- 
trial Science and 'IVchnoloj^ical Innov ation. STIA; 
Judith Smilcw elircclor. Div ision of Maihcinaiical 
Sciences, MPS; anel Market ret L W nidus, director. 
Division of Personnel and Management. 

McLinelon recei\eel the aw ard for Distiu- 
f^uishcd KwcntiiV'M a Presielential ceremony on 
Septemher l i. 1989, This award recognizes career 
Senior Kxeciitiw Sen ice (SPS) memhers who ha\e 
shown sustaineel extraordinary accomplishment 
dLiri!!^ their execLiti\ e careers, The rank au ard 
carries a stipend of SiO.OOO, 

Throughout her 30-year ^( A ernment career. 
Clonnie McLindon has consistently aciiie\ed 
outstanding success in l)oth the operational anel 
advanced research aspects of infoniiation systems. 
At the Defense AcK anced Research Projects Agency 
(DARPA). for example, she participatetl in the 
dev elopment of ARPAM'T. an early forerunner of 
electronic mail. 

In i9H() McLindon was appoitited to her Si;s 
position at die l-oundation. Sinc e lhai lime, she has 
revitalized \Sl- s information systems processing, 
with dramatic improvements in ser\ ice c|ualily. ac- 
countahilily. and organizational proclucli\ ily. 

Senich. Sunh.A . and W'indus u ere eac h 
awarded the rank of McritorUtns I'mutiiv. This 
award recognizes ( areer S|{S memhers w ho ha\ t* 
demonstralecl sustained ac complislimenl durin.y 
their executiv e c areers and c arries a S 10. ()()<) 
stipend. 




Domtld Senich: 
Director, Division of 
Industrial Science 
and Technological 
Innovation^ S1IA 



Judith Su9tley: 
Director, 
Division i\f 
Mathematical 
Sciences, MPS 




Don Senich has lon^ been instrumental in 
strengthening the foundation's ties tc industry. In 
19"^" he dev eloped the prototype for NSP's Small 
business Innovation Research (SHIR) program. In 
1 ^* I9HH. \SP received more than l.SOOSHIR 
proposals, a >»rowth of o\c*r 60 percent since the 
program he^an. 

Judith Sunley has made many contributions to 
the management ol \SI- and has show n outstand- 
ing leadership of the Div ision of Mathematical Sci- 
ences, both currenlly as director (since 198"^) and 
prev iously as deputy clirec tor, Sunley also received 
the first \SI- Direclor s Award lor l*(|Ual Opponu- 
nitv Ac hievemeni in l9Mi). 
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Margaret 
Windus: 
Director, 
Division of 
Personnel and 
Management 




Marj^arcl Windus has scivccl in a wide variciy 
of roles at HWv — as special assistant to the Director, 
as executive officer of the National Science Hoard, 
and as director of Personnel and Management (her 
position at this writinj?). She also has chaired an 
NSF'lask Force on Bureaucracy and Contiol. which 
was widely credited with enhancing the electronic 
flow of information at NSI* and streafniining grant 
awards and personnel processes. 

Staff Notes 

Lhicia a. ,V//;/f/r(; became \SI"s first perma- 
nent Inspector Cleneral in May after seiTing 
as Deputy hispector (ieneral at the Department of 
Commerce. Inspectors CJeneral iKVs) are charged 
to uncover fraud, waste, ahuse. and mismanage- 
ment in the operations of federal departments and 
agencies, their contractors, and their grantees. In 
19«H. amendments to the Inspector Cieneral Act 
required the appointment of ICVsto of the 
smaller federal agencies, including \S|'. Siindro 
and her staff report to the National Science Hoard, 
to assure independence in iheir acti\ ilies. 

Injanu.uy 19H9. Mcoyi:, r;/////c; herame NSI' s 
Assistant Di.ector lor Hiological. Uehav ioral. and 
Social Sci^ nces. C^lutier first tame lo NSI- in l^ru as 
program director for de\elopmenlal hiology under 
the Foundation's rolalor program. I.alcr in her 

O 
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career at \S1\ she was division director o( cellular 
biosciences and senior science ad\ isor lo NSI" 
Director Frich Hloch. 

Fllecliw September 1. 1989. I\ Karl Wilhu- 
/p;-nc^dx'came Assistant Director lor Scientific. 
Tec iiiiological. and International Allairs. An 
engineer. \\ illenbroc k brings experience Irom 
the uni\eisily. federal, and priwile sectors. He has 
been a faculty member and dean at llar\ ard 
I ni\ersiiy. SI NV-HuKdIo, and Southern Methodist 
I 'ni\ersily. 





Richard J. Greew 

Director, 

Research 

Facilities 

Office 



Senior Science 



Advisor 



Luther Williams 




Richard J. iirccu. formerly A.ssist;mt Director 
lorilic Scieniilic. 'IVchnolo^ical. and Inicrnaiional 
Affairs Dirccloralc (SUA), hecanic director of NSF\s 
new Research Facilities Office (see 'Organizational 
C'Jianj^es ^ helow). William H. (k)lc. previously 
director of NSF's grants and contracts division, is 
llie executive officer. 

I.iitbcr Williams, a molecular bioloj»ist and 
former president of Atlanta University, was named 
senior science advisor to NSF Director Erich Bloch. 
Hefore coming to NSF in June 19H9, Williams was 
deputy director of the National Institute of General 
Medical Sciences at the National Institutes of 
Health. 

William C\ //arris became director, Office of 
Science and Technology Centers Development, 
effective No\'emher 20. 198H. He had seived as 
associate (and later acting) director since this office 
was established in 19H7 to coordinate the NSF-wide 
initiative in S&T centers development. Karlien he 
seiTcd as a program director with NSF's chemistiy 
division. 

William S. Kirhywixs selected as the new 
director. Division of Grants and Contracts (DGC). 
Kirby was formerly head of the l^GC policy office. 
While there, he founded the Grants Bulletin Board, 
a popular electronic communication link for NSF 
and many university grants offices and academic 
departments. 

In making key staff appointments, NSF look 
the first steps toward implementing a new Presi- 
dential Initiative in Safety. Hnvironment. and Health 
for the r.S. Antarctic Program (USAP). The initia- 
tive is a fi\'e-year effort; its goals are to ( 1 ) assure 
that rSAP activities are in line with environmental 
regulations for the area, (2) achieve year-round 
operations at acceptable risk levels, and (3) im- 
prove the fac ilities and procedures that are vital to 
the general health and safety of 1 SAP participants. 

Among the appointments was that of (uiry 1\ 
Staffo as Safety. Fnvironment. and I lealth Officer. 
I le is developing polic y and overseeing tiiis new 
a.spect of the I SAPeflorl. 



Senior Foundation and Board Officials, FY 1989 




EHch Bloch, 
NSF Director 



John //. Moore, 
NSF Deputy Director 




Maty L Gooity 
ChairtnafU National 
Science Board 



nomas & Day, 
Vice-Chairtnan, 
National Science 
Board 




LAWRENCE H. OLIVER 

Di}vch>mtc for Comjmtcr 
and InfornuUion Science 
and t:n}iinccrin^ (CIShJ 

Tenure at NSF: 

March /966 id present 




PETER E, YANKWICH 

Directorate for Science 
and I\n^ineennj4 
Hdncatiitn (Sf:l:) 

Tenure at NSF: 

October 19H5 to present 



Special achievements: 

In his long Icnuiv ;il NSI'. Larry C)li\x'r lias 
Ix'un rcsponsihk* for a nunihcr of e'clucalion and 
research programs. Ik* has scitcJ in iIk' Oftiev ol 
Sck'ncv liilorinalion Ser\iccs. the Of lice ot Data 
Managrinenl Sysluns. and the Sc ience Kclueaticai 
Direcloraie (now the Directorate for Science and 
Hngineering Kdiicalion). l ie has heen a part of the 
Foundation s programs in computing almost IVom 
the Marl, first in the OITice of Computing Aclivities. 
later in the Division of Computer Research, and 
now in the Office of Cross-Disciplinaiy Acli\ ities 
in CiSi:. 

In the last few years. Oli\ er anchored a num- 
ber of new activities in response to the ne 'd for 
minority scientists and engineers. Working w ith the 
Minority Institutions Infrastructure program, he 
helped organize departmenls of computer science 
and engineering at minority institutions into a new 
professional society. Part of this effort resulted in 
three professional societies working toj.ether lo 
assist in curriculum cle\elopment and accreditation. 
Oliver is now applying the same formula lo develop 
an effort, w itliin CISI*. to hring modern ad\ aiues in 
computer technology to hear on the probk'ms of 
persons w ith physical disabilities. 

Outside interests: 

( )li\er relaxc^s thiough bis acti\ ities in nuisic . 
his church, and fanning, lie pla\s the organ for 
lour choirs, c hairs the Moard of Deacons for his 
church, and grows bc.irl and palate w anning 
jalapeno peppers in his gaiclen. 



Special achievements: 

In October IWS. Peter ^ ankwicb. a phy.sical 
chemist, came to \SF on loan from the cliemi.siry 
department, I'nixersity of Illinois at Obampaign- 
I 'rbana. He became a permanent member of the 
NSI' staff in June IW8 and is currently SI-l- 's 
executive officer. 

Vankwich says that 'planning, budgeting, staff 
recruitment. c|uality assurance, representation, and 
responding-for Sbb-are my principal aclivities.*' 
The direclorate's programs cover a w iee range- 
from kindergarten through postdoctoral levels, and 
across all NSF fields (mathematit s. engineering, 
and the scic nces)-and they touch almost e\ eiy 
aspect of education. SlW. s budget has nearly tripled 
since Vankw icb has been executive offic er. "This 
complex and interesting job. " he says, "has become 
an exciting opportunity to dew lop the founda- 
tion's education programming." 

Outside intercsLs: 

Moth ^ ankw ieh and his w ife ate ballet enthusi- 
asts, and be is probably the only Arlington. Virginia 
resident who niemori/es pa.ssages of I lomer (in 
ancient C ireek) w hile w alking bis l.nglish Springer 
Spaniel. 




DELOISE WASHINGTON 

Directorate for Bioloflk al. 
Hi^harioral. ami Social 
Scic}uvs (BUS) 

Tenure at NSF: 

1967tol)rcscut 



Special achievements: 

Dcloise Washington joined NSI' in 1%7 as a 
program sccrclaiy in the Division of liioiogical aiul 
Medical Sciences, She projJivssed through the 
ninks from program secrelaiy to section head 
secrelaiy. division secretary, adniinistratiw officer, 
and then to her present position as Administratis' 
Support Center manager in the l)i\ ision of .Molecu- 
lar Biosciences, She has been employed continu- 
ously in the hiology area and has worked for 
numerous visiting scientists and dixision directors. 

Washington's sen ice and contributions to the 
Foundation have been recogni/ecl by several 
achievement awards, including the Superior 
Accomplishment Award, 

Previously employed by the Department of 
Health. Fducation. and NXVllare (now I lealth lS: 
Human Services) and the Department of Labor. 
Washington has been a federal employee for more 
than 2S years. To ad\ ance her career she has taken 
many courses at Cieorge Washington I ni\ ersit\ 
and other Washington-area schools. 

Outside Jnterests: 

Washington is married and has or-n* daughter. 
She especiall> enjoys lamily allairs aii aydrcam- 
ing on the beach, \\ hen she is not in\ oKed w ilh 
activities for her daugliter. she likes to read and 
experiment with new recipes. 




CAROL A. ROBERTS 

Directorate for 
Cj'eoscieiices (dfiOf 



Tenure at NSF: 

Aitfiust 19SS to /)reseiit 



Special achievements: 

In I9H 4 after competing for a slot on a nation- 
wide basis, clarol Roberts was accepted in the NSI- 
Senior Hxecuti\ e Seivice's Candidate De\ elojiment 
Progiam. She completed the program in bMi and 
was employed by NSF in August In the inter- 

im, she held a position w ith the Na\al Air Systems 
Command, 

As Deputy Di\'ision Director ol NSf 's l)i\ ision 
of Polar Programs, she led the di\ ision effort to 
establish a fi\e-year Presidential Initiatiw in Safelv . 
Fn\ ironment. and Health for the I '.S. Antarctic Pro- 
gram, She also dewloped an Antarctic air safety 
plan with the l)()l) l .S, Na\y and the Department 
of State, for the Antarc tic Treaty Consultative 
Meeting held in Paris in the fall of I9«9, 

Koberls previous employment includes maiuj- 
gerial positions with NASA and the National Trans- 
portation Safety Hoard ( NTSH), She earned a Ph.D, 
in electrical engineering, is a registered profes- 
sional engineer, and holds a commercial pilot's 
license with instalment rating. She received the 
I9S" [erome P, kederer Award lor technic al excel- 
lence in aircraft accident inv estigation from the 
International Societs* of Air Safely lin esligalors, 
This prestigious internaticjnal award was for work 
performed w hile at tiie NTSH, 

Outside interests: 

Roberts and her husband enjoy travelling and 
reading, and she is an a\ id opera Ian. Personal 
highlights ol hc'r job at NSP include the ^)pp()rlu!lil\ 
lo\ jsi! Amardira. New /cakmd. and other laraw.i\ 
places, f ler personal mollo (borrowed Ironi Louis 
f^islcur): "(.Irmcc laxors the prepared mind.* 
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lAWRENCE S. 
GOLDBERG 

Direchmite Jhr 
Hnfihieerifi^ (I\S(i) 

Tenure at NSF: 

October I9S5 to present 




CARMELLA WILLIAMS 

Directorate for 
Mathematical afid 
Physical Sciences (MPS) 

Tenure at NSF: 

1977 to present 



Special achievements: 

Following a career as a laser pln sicisl with the 
Naval Research Laboratory. Lawrence Cloklberg 
came lo NSF as program tlireclor for the Quanluni 
Klecironics. \V'a\ es. and beams program. In this 
position he has represented three \'eiy div erse 
research areas (lasers, plasmas, and electromagnet- 
ics) and has initiated a number of specialized NSF 
workshops on topics at the forefront of these fields. 

In I9HH, (ioklberg was asked to prepare and 
present testimony on photonics research at NSF for 
two congressional sulxommiltee hearings explor- 
ing the state of this technology. He has encouraged 
researchers in engineering disciplines. particulaHy 
in critical technology areas, to conduct cooperativ e 
research abroad in Japan, and has organized a work- 
shop and spoken at professional meetings on the 
subject. In the summer of I9H9. he sened as acting 
head of NSF's Tokyo C^ffice: there he pursued 
discussions at Japanese industrial laboratories on 
opportunities (or \ isiting Americ an researc hers. 

Outside interests: 

(ioklberg speaks Huent (ierman and has liwd 
and irawlled extensively abroad, lie has ihree 
children and shares his \\ ilc**s avocation as a 
ceramic artist in the design and construe lion of 
fountains and scHilf^lure (or garden settings. The 
family also enjoys its |k*thany beac h house* on (he 
Hasiern Shore of Delaw are. 



Special achievements: 

Clarmella Williams began her career in NSF's 
personnel office while attending high school in 
1977. l;pon her graduation in 197H. she went to 
the physics division as a clerk-typist, providing 
support to all programs in the division. From 1979 
until I9H9, she pro\ ided support serx'ices to the 
Klementar>- Particle Physics [Program, where she 
was known as a prohleir. .solver and as extremely 
efficient in helping to manage the program. She is 
held iri high regard by high-energy physicists 
throughout the countiy. Fady in 19H9. Williams 
was selected for her c urrent position as secretary to 
the Division Director for Physics. 

During her association with NSP. Williams has 
received many [)er(ormance awards. ser\ ed as a 
counselor in the Fcjual [-mployment C)pp()rtunity 
program, and continued her education through 
NSI 's Ader-Hours program. This program enabled 
her l( ) attend S( )ut heasiern I 'niversity in Washington 
I ).(!.. where sbe obtained an assoc iate degree in 
accounting. She is [ireseiitly pursuing a bac helor's 
degree in finance at ( ieorge W ashifigton Tniversity 
in W ashington. h.C. 

Outside interests: 

In addition lo her continuing educ ation. 
Williams other interests inc lude basketball, real 
estate (or insesuuent purposes, and volunteering 
ber lime at a local churrhto work with children and 
senior citizens I ler long-term goal is lo become a 
('erliliecl Public Accountant and establish an inde- 
[*)eiulenl accounting piactice. 
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JluNNIFER BOND 

Dircciomic Ji>r Sl icnii/k , 
I'cchfiohfiical, and 
l}itcr}UitU)}ial Affairs ( SUA) 

Tenure at NSF: 

ScfUcwhcr 1970 to prcscfil 



Special achievements: 

K'nnifcT hoiul Ix'j^an her \S1- caavr alleT 
saving in scicncv polity positions in the Hni/.ili:in 
Spacv Kcvscaah InsliluU'. llic National /Vatk*iii\ ol 
ScKMUvs. the World l^ank. and the Center lor Polit y 
Alternative's at MIT. 

Sincv IW-^, hone! has Ixvn hij^hly suevrsslul in 
c'xpandinj^ NSI eHorts to identily, aa|uire\ and 
analy/c* international Science iS: Technology data 
from a wide range of domestic and It-ivign sources. 
Her extensive in\ ()l\ cnient w ith the international 
eoninuinity has resulted in new and important 
additions to the international S,S;T database and has 
helped de\ elop comparative analyst's ol interna- 
tional resources and acti\ ilies. Ilarly in her careen 
Bond made major coniriluitions to the de\ elop- 
nient ofciuantitatiw indicators int orcjorated into 
the hiennial National Science Board refjorl. Scicna' 
and l:njiiincvn)i^n Ifidicahns. 

Outside interests: 

Away Irom NSI- Bond devotes much lime and 
energy to the Stanlord Alumni Society, to church 
and other charitable acti\ ities, and to daiK ing. 




Special achievements: 

(iathe'rine Handle hegan her career w ith NSI 
as a clerk typist in the Directorate lor Administra- 
tion. She progressed to secretaiy. adniinistrati\ e 
clerk, and then to her current position as personnel 
assistaiil in the l)i\ ision of Personnel and Manage- 
ment. 

Since I97(). Handle has heen the prineifial ad- 
ministrator lor all personnel acti\ ilies associated 
w ith NSI- s prf igranis lor rotational stall. W orking 
c losely w ith V isiting Scientists anel employees on 
detail to NSl'thiough lntcrgo\ernniental Personnel 
Agreements (IPA). she explains and implements 
the rules pertaining to trawL henelils. household 
mo\ es. and reimlnirsemeiits. Her personal concern 
is e\ ielent as she helps these new employees 
acclimate to NSI- and the \\ asliington. DC-, area. 

I landle s responsihiliiies incluck* as.si.sting NSI* 
managerial stall thiougli her ellorlsio hiui and 
recruit st ieniilK personnel In pre[iaring \ ac ancy 
announce'nicnts and adv ertising lor llie.se [-josiiions 
through \ arious media, including CJiolessional 
journals. She has designed and c realed a custom- 
ized daiaha.se pertaining to rotational stall thai has 
l)ecome in\aiuahle to many NSl-'olliccs. 

Outside interests: 

Away Irom NSI-, Handle cnjo\s acti\ ilies w ith 
Ikm lamily, ( )lher intcresi.s include c lunx h acti\ i- 
lies. howling, and needlework, she has reccnlK 
realized a lile-long mil^ition lo study the piano. 
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YX CHIEN 

Directorate for Computer 
and Information Science 
and Engineering (USE) 

Tenure at NSF: 

1982'83: 198^ to present 




BEVERLY DIAZ 

Directorate for Scientific, 
Technological and 
I International AJfaii^s (SUA ) 

Tenure at NSF: 

I September 1980 to presen; 



Special achievements: 

After training as an clecirical engineer and 
then teaching. Y.T. Chien came to NSF, on a one- 
year rotational assignment, as program director ;nr 
intelligent systems. He then went to the Office of 
Naval Research to do robotics research, but re- 
turned to NSF to mn the Robotics and Machine 
Intelligence program. When the new CISK director- 
ate was established in 1986, he became the Divi- 
sion Director for Information, Robotics, and 
Intelligent Systems. 

Chien has been the guiding force for this 
division through a period of growth and change. 
He initiated joint programs with other federal 
agencies to provide uni(|ue funding opportunities 
for research in computer vision and speech recog- 
nition. He helped organi/.e a highly visible seminar 
series featuring technical presentations by NSF staff 
and external scientists. This biweekly series has 
bee ome a widely recogni/.ed public forum by the 
Washington, D.C.-area CISF research community. 

Outside interests: 

In his spare time, Chien enjoys sports as a 
spectator. He is married and has two sons and one 
daughter. He seiTes (jii several professional society 
committees and publications boards as a volunteer 
officer. 



Special acliievements: 

Beverly Diaz has held a wide-range of support 
positions in the Division of International Programs 
(INT). She began her NSF career in 19H0 as a 
secretary, first in the Saudi Arabian program; then 
in the Latin America and Pacific Section. Her duties 
broadened in the next several years to include 
participation in the U.S. -People's Republic of China 
program and as secretaiy to head of the Industrial- 
ized Countries Section of INT. 

This diverse program experience, including 
additional duties in fiscal matters, prepared Diaz for 
advancement, and she returned to the Saudi 
Arabian program in the fall of 19H4 as a program 
specialist. This office, which has been renamed the 
Science and Technology (SCITF.CH) Project Office, 
relies on Diaz to maintain and administer more 
than 20 key contracts. These contracts require 
extensive liaison with scientific and academic 
institutions which provide information and techni- 
cal assistance to the Saudi scientific community. 
She assists in the review process of the annual 
competition that makes grants to Saudi Arabian 
scientists in basic and applied research. 

Diaz also has serwcl successfully as one of the 
I oundation s Administrative Support CxMiter manag- 
ers. In each position held, she has exhibited a high 
degree of competence and a great capacity to 
succeed. 
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Outside interests: 

Diaz is an avid reader and enjoys listening to 
music and \ isiting with her iwo sons and iheir 
families. She als(j mainlains nose lies with family 
members living in Puerto Rici» 

G:- 




NINA MATHENY ROSCHER 



Directoratc/or Sciouv cnul 
Engincvwm Hducatio}} (SlU:) 



Tenure at NSF; 

Jiuw to presoit 



Special achievements: 

Nina Roscher began working tor NSF on a 
parHimc basis in June of 1986, Since vSeptember 
19H8,she has been on loan from American I'niver- 
sity's clepartnieni of chemistry*. 

Roscher began her work at NSF with the 
chemistry portion of the Instructional Laboratory 
hnprovement program. Since 1988, she has been 
director of the Undergraduate Faculty Enhance- 
ment program in the Division of Undergraduate 
Science, Engineering, and Mathem itics Education 
(USEME), 

Because student mentoring is one of her many 
concerns, Roscher has actively sought undergradu- 
ate students to work with the professional staff in 
the USEME division. And as a participating mem- 
ber of the American Chemical Society, she ad- 
dresses another of her concerns through her 
frequent lectures on issues related to women in 
chemistiy. 

Outside interests: 

The majority of Roscher's spare lime is spent in 
the continuing construction, landscaping, and re- 
modeling of a cabin shell she purchased several 
years ago in Lost River. West X'irginia, 



operations: New Award Mechanism 

The I'ouiKlalion has LiuiKhccI a new vl'Unl 
uilk'cl Small Ciranlslbr I'xploraldiy Kcscarch 
(SCIKK). The aim of this new award mec hanism is 
lo fund small-seale. high-risk exploial^-.y work in 
ihe fields of seienee. engineering, and education 
supported hy NSI\ Only brief proposals are re- 
c|uired. and they are not subject to the usual \SI* 
external rev iew. 

Proposed work may include preliminary re- 
search on untested and nowl ideas; ventures into 
emerging research areas; research rec|uiring urgent 
access to speciali/eel data, facilities, or e(|uipnient; 
or similar exploratory efforts likely to cataly/e inno- 
vative advances. Grants are normally for one year, 
are not renewable, and are limited to SSO.OOO. Any 
NSI* program may spend up to ^ percent of its 
hudgel on SCJHR awards. 

Simplified Grants 

The Federal Demonstration Project U-DP) is 
the second phase of a I9H() effort to test standard, 
simplified terms anel conelitions for federal awards. 
When it began, PDP (then called the l-lorida 
Demonstration Project) inxolveel \SI*, four other 
federal agencies, the P'loriela State I'niversity 
system, and the TniN ersity of Miami. Joining those 
original parties now are four mow federal partici- 
pants and 3 * more grantee institution^ from \ \ 
states.' 

The first phase of this project showed measur- 
able success in streamlining much of the [xiper- 
work and regulations in governmenl-sponsored 
uniwrsity researc h. Hy speneling less time on 
federal rcgulatorx* rec|uirements and unnecess;My 
paperwork, researchers spent more time on their 
research and increased their |")roduclivity. 

The l-ounckition also launcheel ,i totally 
electronic liniecard system for its personnel — the 
first of its kind in the federal gowrnment. And NSI* 
eliminated more than H(H).()()() sheets of p;iper :\ 



' Orijjtiiia! k'dcr;il ,i)Lic-n' irs: N.Miniul Si inu i* I nmul.Kion. 
N.ilioiuil hiMjmU'sol Ik'.dih. oIIkv of KivM .mli. 
A^riiullun' I )rp,irii)U'nL l*iu*r^\ iKp.ninu-nl Aiklilinn.H trdi i.tl 
|)iirliup.iiiiN I s Army \U Jii.il Kc'srarUi .mmI I )r\ rlopnu nl 
Cnnitn.HuI; I n\ irnmiu'iu.il I'rnUilMHi \iu iu\. MmhnI, |)m^ 
AiniM*. .iiul \U-nl.il IIimIiIi AiltnifUslnilHHi: An I nru- ( )llu im >l 
Si ifnlihi Ht'stsiuh. 



ye;ir from its lin;mcial and adminisiraliNc operations 
by doing more tasks eieciroiiically and otherwise 
streamlining pa|XM re(|uirements. 

Organizational Changes 

In December I98H, the l-oundalion established 
the Research I'acilities Office ( UPO) to [Movide 
leadership, coordin;ition. and (Acrsight in this 
critical area, The facilities office, reporting to the 
NSP Director, is assessing current and future needs, 
dewloping approaches to meet those needs, and 
helping to delineate the responsibilities of federal 
and .^lale governments, academic institutions, 
industiy. and others investing in and supporting 
research facilities. 

This office is also dewloping NSI-'s implemen- 
tation of the Academic Research I'acilities Moderni- 
/aiion Program, enacted as part of the National 
Science Foundation Authorization Act of 19HH. 
The KI'O submitted to Clongress, in Augu.si 19H9. 
;i report-' recommending that: 

1. A combin;ition of gowrnment and private 
funding mechiuiisms is needed to acklress tlie 
repair, renovation, and construction of research 
facilities. 

2. The federal government should consider a 
number of possible initiatiws, such as (a) targeted 
programs in xarious ;igencies. witli appm^riate 
funding: (IM modifying federal cost principles with 
regard to use allowances, depreciation, and other 
facility-related costs; (c) removing or increasing the 
S ISO million cap on tiix-exempt bonds; (d) addi- 
tional tax and other incentives to encourage 
su|")|i()rt of facilities and e(|uipnKnt. 

Other Organizational News 

• In March I9H9. \SI"s Directorate for Pn^incvring 
consolidated its seven dix isions inio six. They are: 

(:henii( al and Thermal Systems 

Plectric;il and Clommunications Systems 

Mechanical and Structural Systems 

Design and Manufacturing Systems 

biological and Clritit al Systems 

Pngineering Centers 



Wm//(V7//:/;/cj .Udiliniu Ucsiunh I (Width's A ( ttniftnih'N.'nv 
/l 
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• In llu' Diivcloniic' lor Sci(.*ncv aiul I'lij^inccrinj^ 
I'duailiDii, the O/Jkvof riuleTj^KKkuac* Sc iciicx*, 
llnginwring, aiul MailicMiKilics I'cluailion (rsi'Ml- ) 
Ixramc a division with the same name. 

Board News 

• Thv National Scicncv Board has set up ihrcv new 
task commillecs to considcM- issue's and make 
recommendations on ( 1 ) Europe in 1992: Impliea 
lk)ns for I'.S. Science and Technology. (2) Indus- 
trial Support for Research and l)e\'el()pmenl. and 
(3) iIk» Global Knvironmenl. One objective for 
these committees will be to invok e other feckMal 
agencies in the NSli committee process and in 
implementin}; future recommendations. 

• The Board also issued two ma jo * reports during 
the fiscal year: 

— no Role of the Satioucil Scknico l-oiniddfion 
in Economic Co;;//;cV/7/Vv^/e.s\v (.statement of 
October 14, 19SH. plus c(Miimitlee report ) 

— Rcf)ort of the XSB Committee on Openness 
(f Scientific CAWimunicatioii ( NSB HH-21S, 
December 19SS). whic h includes recommenda- 
tions for NSI\ the federal government in general, 
the universities, and professional societies. 



Chapter 5 

CONCLUSION 



I knotv much, but seek to know more. 
— Wolfgang von Goethe, Doktor Faustiis 



inding a possihlc gahixy in its hirth ihrocs, 
c ivaiin^ ^ new stale of mailer, imaging organic 
niolccuk's in one icn-hillionlh of a soconci — 
ihcsc WW among ihc endeavors ihal NSF supported 
in 1989. Sinee its founding in 19S(), NSF has en- 
couraged thousands of such quests into llie un- 
known and hel[X»d spark interest in research areas 
ranging from atmospheric science to building 
safety, from anlhropok)gy to robotics. Many of 
these projects ha\'e re(|uired intensive coNabora- 
tions and the sharing of resources, and the Founda- 
tion has taken the lead in promoting and initiating 
such cooperation. 

NSl- also achie\'ed an education milestone in 
19H9: it has supported more than 2S.()0() fellovv- 
shi[Ts for graduate students in science and engi- 
neering. Such fellowships help form the backbone 
of the r.S. research community, infusing new 
people and talent into areas of basic and ai>plied 
science. Nurturing the spirit of natural curiosity by 
supporting inno\ati\'e research and promoting the 
importance of sc ience education are continuing 
challenges that NSF laces. Indeeck they are integral 
parts of its mission as the I'oundation bej'ins a 
fourth dec ade of acti\ il\'. 
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Praciat graphics--- 
computer graphics 
derlvedfrom new 
concepts in the 
geometry of 
dynamical systems 



ApjK'ndix A 



NSF SENIOR STAFF AND NATIONAL 
SCIENCE BOARD MEMBERS (FY 1989) 



NATIONAL SCIENCE FOUNDATION 
SENIOR STAFF 

(asofScplcinlKT^O. IW;) 

DiwctaK 
Hrich lilorh 

Ihpnty Pircctar, 
John I I. Mooiv 

Senior Science Adrison 
LullicrS. Williams 

denentl (.onnsel, 
Charles 11. Hui7. 

l)ireci(if\ Office (;fl.ef>islatire and Pnhlic AJJiiiiy. 
Raymond I-. Hyc. Jr. 

Conirollen Office (fliud^et and Coiitrol, 
Sandra D. Toyc 

Directan Office nf Infnviatian Systems, 
Constance K. McLindon 

Directar, Office <f Science and Technolofiv 
(.eniefs Derelopnient. 
Vdlliani C. I larris 

Director. Resean h Facilities Office. 
Richard J. C lrccn 

Assistant l)i}vctor for liiolof^ical Hehai ioniL 
and Social Sciences. 
Maiy f;. Cluilcr 

Assistcnit Director f)r (.'onipnier and h formation 
Science and H)mineeri)i^. 
William A. WiiH 

Assistant Din'ctor f>r linffiHeeriiif^. 
John A. W hile 

Assistant Dinx litr f^r deosciena's, 
;iohcrt W. CordI 



Assistant Director ftr Mathematical and Physical 
Sciences ( Ac(in^). 
M. Kent Wilson 

Assistant Difvctor fir Science and Hn^ineeri}}^ 
lull (cation. 

Uassam /. Shakhashiri 

. issistaiit Director f)r Scientific. 'l'ech}iolo^icai 
and International A/faif\ 
I'. Karl Willcnhr(- k 

Assistant Director f)r Administration, 
CiconVcx' M. l*cnstcriiiachcr 

NATIONAL SCIENCE BOARD 

(addresses as ol Scpl. Ml 1989) 

Tenfis Expire May 10, 1990 

Pl-RRY L ADKISSON, Chancellor, Texas A&M 
rni\ersi(y Syslem. College Malion, TX 

AWKI.ISl': C,. ANDHRSON. Seni(M' Research Fellow. 
The Hoover Inslilulion. Slantbrd I niversily. 
Stanford, CA 

CRAICi C. IM.ACK, Director, Los Angeles County 
Museum ol Natural I listoiy, l.os Angeles, CA 

RI TA R. COIAVKLL, Director, Maryland Biotechnology 
Instilute and Professor ol Microbiology, 
I 'niversity ot .Maiyland, College l^irk. MD 

THOMAS W. DAW (Vice Chainnaii. National Science 
Hoard), President. San 1 )ic,,.) Stale l'iii\ersity, 
San Diego. (-A 

JAMI.SJ. Dl l)i:RSTAI)'r. President, I niwrsiiy of 
Mic higan, Ann Arhor, Ml 

K.Jl Ni: MNI)STIdyrsi\A, Manager, Ian ironmental 
Sc ience's. Atlantic Richlield (ionipaiiy. Los Angeles. 
CA 



KHNNKTU L NORI)TVi:iyi\ JR.. Piolcssoior Physics, 
Dcpaiimcnl oriMiysics, Moniana Stale I 'niwrsily, 
Bozeman, M'l* 

Tenns Expire May 10, 1992 

FRKDKRICK F. HROOKS.JR., Kenan Professor of 
Compulcr SciLMUu, I 'nivcMsily oC Nonh Carolina, 
Chapel i niL NC 

F. AI i5KRTCO'rrC)N\ W.T. DoheHy- Welch FoviMcla- 
lion Distinj^uisheu Professor of ('heniisiiy and 
Direelor, Lahoraloiy For Molecular Structure anel 
Bonding, Texas A&M University, College Station. TX 

MARY L. GOOD, (Chainnan, National Science 
Board), Senior Vice Pivsident, Technology, Allied- 
Signal Corporation, Inc., Morristovvn, N| 

JOHN C. HANCOCK. Retireel Ilxecutive Vice Presi- 
dent, Itniled Telecommunications, inc.. Consultani. 
Kansas City, MO 

JAMKS B. H0I.I)I:RMAN, President, I nivei^ity of 
South Car(?lina. Columbia, SC! 

JAMl-S L. IK)WMI„ President, Reed College. 
Portland, OR 

FRANK U. T. RIIODl'S. President. Cornell I nixei- 
sity, Ithaca. NV 

HOWARD A. SCI INFIDI-RMAN, Senior \ ice I^P.'si- 
dent for Research and I)e\ elopment and (ihief 
Scientist, Mons into Company, St. Louis. MO 

rmw« Expire May 10, 1994 

WARRI'lN j. BAKKR, l^residenl. California Polytechnic 
State rniversity. San Luis Ohispo. CA 



DANIF.LC. 1)RCCKI:R, Craduate Researc h Prolessor. 
Department ol Aerospace Fngineering, Mechanics 
and Fngineering Science, I 'niversity of Florida, 
Ciainesville, FL 

c:ilARLi:S L. IIOSLFR, Senior Vice President for 
Research and Dean of Craduate School, Pennsylva- 
nia State University, University Park, PA 

ROLAND W. SCHMriT, President, RensseLier 
Polytechnic Institute I'roy, NY 

(Three vacancies) 

Member Ex Officio 

FKICH BLOCH, Direc tor, National Science Founda- 
tion, Washington, DC 



THOMAS I BOIS. I'xecutive Officer, National Science 
Board, National Science Foundation, Washington, 
DC 



LINDA Cr Sl 'NDRO. inspector Cicneral, National 
Science Foundation, \\ ashington. IX! 



ARDI-N I.. BFMI;N r. jr., \ ice President. I echnical 
Resources, TRW. Inc., Cleveland. Ol I 
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PATENTS AND FINANCIAL REPORT 
FOR FISCAL YEAR 1989 

Patents and Inventions Resulting Financial Report for Fiscal Year 1989 

from Activities Supported by NSF ( Dollars in Millions) 

During fiscal year 1989, the Fcnindatioii received Research and Related Activities 

196 invention disclosures. Allocations of rights to Appropriation 
87 of those inventions were made by September 30, 

1989. These resulted in dedication to the public ^ AvailabiUty 

. u IP • . ' c Fiscal vear 1989 Appropriation $1,62().S() 

through publication in 4 1 cases, retention ot ,t ir . n i iii 

; ... Unobligated balance available, 

principal patent rights by the grantee or inventor in ^j,^^ ^^^^^ 

46 instances, and transfer to other government Adjustmenls io piior year aca)unts^^^ .56 
agencies in 16 cases. Licenses were received by the 

Foundation in T patent applications filed by y^''' ^'^^'^ availability $1,621.68 

grantees and contractors who retained principal Obligations 

rights in their inventions. .^H directorates $1,492.39 

Pn)gram Pevelopment and 

Management 91.29 

Subtotal, obligations $1,583.68 

Unobligated balance available, end 

of year $ 37.95 

Unobligated balance lapsing $ .05 

TotaL fiscal year 1989 

a\ailability for Research and 

Related Activities $1 ,621 .68 

U.S. Antarctic Program Activities 
Appropriation 

Fund Availability 

Fiscal year 1989 appropriation $131.00 

Unobligated balance available, 

start of year .15 

Adiustnienls to prior year 

accounts .09 

l-iscal year 1989 availability $ 131.24 

Science and Engineering Education 
Activities Appropriation 

Fund Availability 

Fiscal year 1989 appropriation $ 171.00 

Unobligated balance available. 

stall of year $ .O i 

Adjustmenls to prior year 

accounts .19 

Fiscal year 1989 availability $ 1*^1 .23 

V I<( I liM.il \\\\r V^)\ Hihl^ri luOm^u ss lusMlu.iHuii nl I siiiiLik- of Ap|m»pri.ilMms 
/ i 
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Tcihle 1. 

Biological, Behavioral, and Social 
Sciences, Fiscal Year 1989 

(Dollars in Millions) 

Nunihcr ol 

Awards Ann mm 



Molmilar Biost icnces 


S99 




Cic'lliilar Hioscic'iKcs 


«6« 




Idiotic Systcm.s and Resomvcs 


779 


62.82 


Heliavioral and Neural Sdc^ncfs 


799 




Social and licononiic Seicncv 


SIO 




Inslrumentation and Resources 




36.S7 


Science and Technology Centers 




4. IS 


Total 


3.971 


.S2SI.4"' 



Table. 

Engineering, Fiscal Year 1989 

(Dollars in Millions) 

Number of 





A\var(J^ 


Amounl 


chemical & 'I lK-mial Systems 


^06 


$ 30.98 


Mcvlianical &. Structural Systc-ms 


410 


23.04 


I-'Ifctrical CnnimunicatioiLs Systems 


472 


29.87 


Design &. Manufacturing Systems 


270 


18.05 


Biological ik Critical Systems 


•J71 


34.07 


Engineering Infrastructure 






Development 


1S3 


10.62 


I'ngineering Centers 


lOS 


40.43 


Total 


2.3«7 


$187.06 



Table 2. 

Computer and Information Science 
and Engineering, Fiscal Year 1989 

(Dollars in Millions) 

NuiiihiT c>[ 

Awards Aniotmi 



Computer and (ioniputalion 






Research 


332 


S2I.17 


Information, Robotics and 






Intelligent Systems 




19.14 


Microelectronic Information 






Processing Systems 


1«2 


14.9H 


Adv anced Scientific Computing 






Networking and Comnumicalions 






Research and Infrastnicture 


lis 


r.()l 


Cross-nisciplinary Activities 


90 


r.43 


Science and Technology 


2 


S.92 


Total 


l.OSi 


SIS 1, 84 



Table 4. 

Geosciences, Fiscal Year 1989 

(Dollars in Millions) 



Number of 

Awards Aniouni 



Atmospheric Sciences 


()()() 


S 98.58 


Karth Sciences 


815 


54.22 


Ocean Sciences 


8S8 


145.88 


Arctic Research 


128 


10.29 


Science and Technology Centers 


1 


.94 


lotal 


2.402 


$309.91 
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Table 5. 

Mathematical and Physical Sciences, 
Fiscal Year 1989 

(Dolhir.s in Millions) 

NuinhiT nl 



Tdhlc 7. 

Scientific, Technological, and 
International Affairs, Fiscal Year 1989 

( DolLiis in Millions) 

NunjlHTol 



Amount 



Malhcniaiical Sciciuvs 

Astronomic nl S^-icMU L's 

Physics 

Chemistry 

Mate rill Is Uost\u vh 

Major Uc'scarch H(|LiipnK ni 

Science and rcc hnoloj^y Centers 

Total 



MSI 
I 

5 



S ()().02 
I 22.28 

I 



Industrial S 0^ T lnno\ a(ion 




S 19.05 


Internai'l. Coop. Si i. Ai(i\iiics 




1 1.22 


Policy Kesearch and Analysis 


1 1 


«5 


Sc iences Kesourees Studies 


r 


1.20 


Researc h Initiation and Improvement 


i.-^o 




Total 


9r 


S 



Table 6. 

Science and Engineering Education, 
Fiscal Year 1989 

(Dollars in Millions) 



Table H, 

U.S. Antarctic Program, Fiscal Year 1989 

(Dollars in Millions) 



Nunihei u\ 




Nuinhrr ol 






.\wjrils 


Ann Hint 


Awaals 


Am< mill 


Kesearch Career De\clopn»ent 
Materials Development. Kc search, 
and Inlonnal Science Kduealion 


2S.S 

IS-- 


S SO W 
l.VW 


I .S. Antarctic Research Pro^^ram TS 
Operations Antarctic Program lo 
.Major (!(Mistructlon and Procurement i 


S 15 5-^ 
SK50 


Teacher Preparation anil 






Total 195 


M.si.(r 


l-nhancvnient 




().1(>0 






Studies and Pro>»iani Assessment 


1\ 


1.50 






I ncler^raduate Science, lin^ineerin^. 










imcl Mathematics i;duca(ion 


5(i2 


2S.00 






Total 




sri.L-^ 
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other NSF Publicalions of General Interest 

Ahaift (he ScitUuial Stknicc /n//' v/v.7/o// (hroc lunv) 

A:S7'7i/^//(V/// (puhlishcel iiU)nlhl\ cwcvpl in July 
and August) 

Pifhli'cadons ()f(hc Satioiuil Science htuouUitUm 

Clmtits for Research cnul lulucathui hi Science 
(Old lui^i}iecri}i^ 

(iiude to Profiranis 

XSF Filp)is ibiK)k\c{) 

.V/asv//c- Magazine 

A'.S7-7>/n'tY/o;/,s- (hinionlhly newsletter) 

Single copies of these puhlieations ate a\ ailahle tVoin 
I oi'ms and Puhlieations, NSF, 1800 c; Street. X.VC'.. 
Washington. \\C. 20SS0, (202) 3S""-"'H61. 

l-^* 19W Annual Repoil 

Principal writer: Ron C!owen 

Design: Ilausniann Clraphic Design. Inc. 



mosaic: 



MOSAIC 



The National Science Foundation is charged to help stretch and 
redefine research frontiers. It must also communicate with 
the scientists, engineers, administrators, educators, and students 
at work along those frontiers. Part of that job falls to the 
magazine Mosaic, a uniquely readable and reliable account 
of current work and thought in the vast array of research areas 
with which NSF IS concerned. Mosaic has shown itself to 
be valuable to those who perform, teach, study, or otherwise 
care about scientific and engineering research. It is also 
generally available. To receive a sample copy, write: Distribution. 
Mosaic 1527 1. NSF. Washington. D.C. 20550. 




antarctic 



foetJiM on ftsironomy ami climate 
rtMirch 
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IDF THE 
UNITED 
STATES 



The Antarctic Journal of the United States, 
established In 1966, Is published quarterly 
(March, June, September, and December) 
with a fifth annual review issue by the Dlvi« 
sion of Polar Programs of the National 
Science Foundation. The Journal reports on 
U.S. activities in Antarctica and related 
activities elsewhere, and on trends In the 
U.S. Antarctic Research Program. For a cur- 
rent review of U.S. antarctic activities, use 
the form on this card. 
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